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GEOCHEMISTRY.—Clays and soils in relation to geologic processes.' 
S. Ross, U. S. Geological Survey. 


The importance of clays and soils can 
hardly be overemphasized, for no materials 
play a. wider and more varied role in geo- 
logic processes than do the clays and related 
minerals. These have in the past been so 
little understood, indeed were long looked 
upon as such hopeless materials, that geolo- 
gists tended to avoid the problems on which 
they had a bearing and missed much of the 
information that they were capable of giv- 
ing after intensive study. However, ad- 
vances in the knowledge of clays and the 
development of efficient techniques for 
studying clay and soil materials have 
already contributed to this branch of geol- 
ogy, and the way has been opened for new 
advances. This paper presents and illus- 
trates by specific studies certain geologic 
problems on which clay and soil materials 
have a bearing—problems some of which 
have been clarified in the course of mineral- 
ogic research and others on which tentative 
conclusions have been reached. 

During the meetings of the First Inter- 
national Soil Congress in Washington in 
1927, soil mineralogy was an almost totally 
neglected subject, but interest began to 
grow almost immediately afterward. How- 
ever, the writer presented at these meetings 
a paper that was based on studies in the 
laboratories of the United States Geological 
Survey in which it was pointed out that 
many soils are characterized by minerals of 
the montmorillonite group. These studies 

1 Address of the retiring President of the Geo- 
logical Society of Washington delivered at the 
61lth meeting of the Society on December 9, 
1942. Published by permission of the Acting Di- 
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have since been carried forward in coliabo- 
ration with others, including Sterling B. 
Hendricks, of the U. S. Department of 
Agriculture. Contributions have come from 
many sources in this and other countries. 
Some of those making noteworthy contribu- 
tions are Paul F. Kerr, of Columbia Uni- 
versity; John Gruner, of Minnesota; W. P. 
Kelley and associates, of California; Grim 
and associates, of the Illinois Survey; C. E. 
Marshall, of Leeds, England, but more re- 
cently of the University of Missouri; Har- 
rison and Hardy, of the Imperial College of 
Tropical Agriculture, Trinidad; Nagel- 
schmidt, of Rothemstead ; Hofmann and his 
associates, in Germany; Edelman and Noll, 
of Germany; and Favejee, in Holland. 

Work remains to be done on the mineral- 
ogy of clays, but the studies have progressed 
until we have a fairly adequate knowledge 
of the minerals involved, their compositions, 
and their physical properties. The full de- 
tails of clay mineralogy are unnecessary 
here, but a few of the minerals whose 
properties have a bearing on geologic rela- 
tionships may be briefly mentioned. 

Three main groups of minerals are found 
among the clay minerals: the kaolinite 
group, the montmorillonite group, and the 
group variously called hydrous mica, 
bravaisite, or illite. All have a platy or 
micaceous structure. Kaolinite and halloy- 
site are the only minerals of the kaolinite 
group that are known to be present in soils, 
but dickite occurs in hydrothermal deposits. 
These three minerals differ in the arrange- 
ment of the lattice sheets but not in chemi- 
cal composition, and have the following 
common chemical formula: 
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Kaolinite 
Halloysite 
Dickite 


Al,Si:0;(OH). 


This formula indicates that kaolinite is 
characterized by a high alumina-silica ratio. 
The valency is completely balanced within 
the crystal structure, and hence no balanc- 
ing ions (exchangeable bases) are present. 
There is little or no tendency for iron, mag- 
nesium, or other ions to proxy aluminum in 
the crystal structure. Kaolinite appears to 
be the stablest of the clay minerals. 

The members of the montmorillonite 
group, typically developed in bentonite, 
have an extremely wide range in chemical 
composition. Clays are commonly assumed 
to be essentially hydrous aluminum sili- 
cates, and yet within this single group ferric 
iron, magnesium, and even chromium may 
proxy aluminum in part or even completely, 
and a wide variety of ions, including lithium, 
ferrous iron, manganese, and nickel, may 
be present in minor amounts. Ions with a 
valency of 1, 2, or 3 may take the place of 
trivalent aluminum, and aluminum may 
take the place of at least one silicon ion out 
of four, thus playing two distinct roles in 
the crystal structure. The substitution of 
even small amounts of bivalent magnesium 
for trivalent aluminum, and of trivalent 
aluminum for tetravalent silicon, results in 
a valency deficiency within the crystal lat- 
tice. This deficiency is compensated by ions 
that are held between the crystal sheets and 
are the so-called exchangeable bases; that 
is, members of the montmorillonite group 
are characterized by the presence of cations 
which may be exchanged for other cations 
on treatment with water or other solvent 
carrying the second cation. The position of 
these cations between the crystal sheets 
permits base exchange without affecting the 
crystal structure of the clay. This stochio- 
metric exchange of cation for cation dis- 
tinguishes base exchange from adsorption, 
although the two are commonly confused. 
These bases are associated with the inter- 
layer water (the water film present between 
each molecular sheet), the association that 
gives bentonites and related clays their pe- 
culiar physical properties. 
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Experimentally, almost any base or 
hydrogen may be exchanged for bases oc- 
curring naturally. Those occurring most 
widely are calcium, which is almost com- 
pletely exchangeable, and sodium, which is 
usually exchangeable but not always com- 
pletely so. Small amounts of potassium, 
magnesium, and even aluminum may be re- 
placeable, as is hydrogen, which gives the 
clay an acid reaction. These ions differ 
greatly in their relative ease of replacement, 
which is represented by the following series: 


Li<Na<H<K<Mg<Ca 


This relation indicates the reason for the 
preferential fixation of calcium in most 
montmorillonite even in the presence of 
sodium. 

The dominance of replaceable calcium 
provides a readily available source of that 
element in soils characterized by montmoril- 
lonite minerals. The preferential fixation of 
calcium also has a particularly favorable 
effect on soil texture in that it promotes 
flacculation, whereas sodium tends to bring 
about extreme colloidal dispersion. 

In the formulas below, the ions occupying 
octahedral positions within the crystal 
structure (those proxying aluminum) are - 
grouped together within the first paren- 
theses. Silicon, which occupies tetrahedral 
positions, follows and is also enclosed in 
parentheses if partly proxied by aluminum. 
The component ions are expressed as deci- 
mal fractions where necessary in order to 
keep the total of those in tetrahedral posi- 
tions at the constant value of 4, making all 
the formulas directly comparable. The re- 
placeable ion is placed above the ion that it 
balances, the two being connected by an 
arrow. A discussion of minerals of the mont- 
morillonite group may be preceded by dis- 
cussions of pyrophyllite and talc, two 
minerals related to the clay minerals, al- 
though differing markedly in physical prop- 
erties. Their formulas sre as follows: 

Pyrophyllite (Als) - (Sis): O10- (OH)s 
Tale (Mgs) - (Six) -Or0- (OH): 

The chemical formulas quoted below will 
serve to illustrate the relations within the 
montmorillonite group, although they are 
not intended to represent the ranges in 
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composition fully. Complete representation 
would require at least eight formulas to- 
gether with rather detailed discussions, but 
those included will illustrate geologic rela- 
tionships. In pyrophyllite and talc there are 
no appreciable substitutions of the other 
ions for Al or Mg or of Al for Si; the valency 
is completely balanced within the crystal 
structure, and these minerals, like kaolinite, 
show little or no base exchange. 

Two minerals of the montmorillonite 
group showing characteristic substitution 
of ions are 


Nay.33 


tT 
Montmorillonite (Ali.6;Mgo.s3) (Sis)G10(OH) 2 


Na&o.33 
Hectorite (Mgz.ezLio.ss) * Sig: O10. (OH, F)2 


The foregoing formula of montmoril- 
lonite differs from that of pyrophyllite in 
that 1 Al ion out of six is being proxied by 
Mg. The valence deficiency that has been 
introduced into the crystal lattice by this 
substitution of a bivalent for a trivalent 
ion is balanced by Na, which is situated 
between the sheets. In the formulas this re- 
placeable base is given as Na, but it is com- 
monly Ca, plus small amounts of other 
bases. The montmorillonite represented 
here, if containing in addition the normal 
content of interlayer water, differs from 
pyrophyllite only in containing about 3.23 
percent of MgO and 2.55 of Na,O. This 
small change in composition has introduced 
the property of base exchange, and the 
interlayer water that brings about the 
markedly different physical properties of 
these minerals. 

The relations between hectorite and talc 
are similar to those between montmoril- 
lonite and pyrophyllite. The substitution of 
about 1 percent of univalent Li for bivalent 
Mg, together with the Na required for 
balancing the valency, has again made the 
difference between talc and hectorite with 
remarkably complete colloidal dispersion. 

The clays of the montmorillonite group 
in which Al proxies Si in essential amounts 
have been called beidellite. The formula 
given below represents closely the clay from 
the type locality, Beidell, Colo.: 
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Cao.is 
Beidellite (Al: 4sFe.soMg.os) (Alo.seSis.e«)O10(OH) 


Here ferric iron and a small amount of Mg 
take the place of part of the Al, so this 
formula is more repesentative of soil-form- 
ing members of the group than other formu- 
las presented. The exchangeable base is 
represented as Ca rather than Na, and the 
ions in octahedral positions exceed 2 by a 
small amount. 

Formulas representing two other mem- 
bers of the group are given below: 


Nao.3s 


t 
Saponite (Mgs) (Alo.ssSis.¢7)O10(OH)2 


‘ Bo.33 
Nontronite (Fes 90) (Alo.ssSis.e7)010(OH)s 


In both of these formulas Si is being proxied 
by Al and is balanced by Na between the 
lattice sheets. 

Within the same crystal structure there 
may be substitutions of other ions for Al in 
the octahedral group, and also of Al for Si 
in the tetrahedral group. Where the triva- 
lent ions, Al** and Fe+*, are dominant in the 
octahedral group, the number of ions in 
that group is close to 2 but may exceed that 
number slightly, and where bivalent ions 
such as Mg are dominant, their number is 
close to 3 but can not exceed that number. 
Three octahedral positions are available but 
are not necessarily all occupied. In none of 
these formulas has the highly variable water 
been included; it would, if necessary, be 
represented by (+nH,0). 

The members of the bravaisite group re- 
quire further study, but they are known to 
be widely distributed. They have a rela- 
tively small base-exchange capacity, and in 
some of their properties are intermediate 
between micas and montmorillonite. In the 
micas and bravaisite the potassium lies 
between the crystal sheets, forming bonds 
that tie sheet to sheet, and hence is locked 
in a nonexchangeable position, in contrast 
with the exchangeable bases of montmoril- 
lonite, which are held on only a single sur- 
face in a manner that permits their ready 
displacement. 

The bravaisite type of mica is not well 
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enough known to justify more than a gen- 
eral formula to represent its range of com- 
position, but its relation to the true micas 
can be represented as follows: 


Muscovite K(Al:) (AlSi;)O:0(OH)2 


Bravaisite = (Al, Fet+*, Mg)2(Al, Si),O10(OH)2 


Fe and Mg are present in subordinate 
amounts in bravaisite but are commonly 
present in greater amounts than in true 
muscovite. The K has been represented as 
one-half of that in micas, but it may range 
down almost to zero. A typical formula for 
bravaisite would be 


Bravaisite + (Al «Fes sMego.2) (Alo.sSi.so)Ow(OH)s 


An unusual clay mineral, but one forming 
extensive deposits of fullers earth in the 
Florida-Georgia region, has been called 
altapulgite. This is characterized by a fi- 
brous rather than a platy structure and seems 
to be related to the so-called mountain 
leather (paligorskite). The seemingly very 
specialized conditions that produced so un- 
usual a sedimentary material present a real 
problem, but the high content of magnesium 
tells something of the genetic environment. 

The opallike, noncrystalline clay material 
known as allophane may be present in some 
soils. 

A few of the physical and chemical fac- 
tors that are most important in controlling 
clay formation should be mentioned. The 
alteration of any parent material to a clay 
or soil aggregate takes place in a physical- 
chemical system whose varied factors, 
taken one at a time, are approximately 
known. There are, of course, many varying 
sets of conditions that may dominate the 
development of a clay material, but in 
general it is the combined effect of difficultly 
evaluated interrelationships, more than the 
unknown effect of any one factor, that in- 
troduces the complexity that characterizes 
many clay problems. 

In reality there is only one fundamental 
factor in clay formation—the chemical 
character of the reacting system. This may 
be divided into two secondary factors: the 
chemical character of the parent material 
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and the chemical character of the altering 
solutions. These factors will be most con- 
veniently illustrated by specific studies to 
be mentioned later. The other factors are 
complex and varied but serve only to im- 
pede or accelerate reactions in the system. 
Varying physical conditions such as perme- 
ability affect the access of solutions and 
hence the rate, but not the final character, 
of the reaction. Time is a factor only in that 
it permits reactions that proceed with ex- 
treme slowness. 

Organic materials have a marked effect 
on soil texture, water retention, and fertility, 
but the chemical effects are in general due 
to their reducing action (essentially the re- 
duction of ferric to ferrous iron) and to the 
solution and removal of bases by organic 
acids. In humid and especially in cool humid 
climates, and in swamps where peaty and 
lignitic materials collect, the effect of or- 
ganic materials is a dominant factor; in 
desert regions, or where there is rapid oxida- 
tion of organic materials, their effect may 
be small or absent. 

Living organisms play an important role 
in soil processes, some of them modifying 
physical relations, as when they facilitate 
the access of air or water to the system. 
Bacteria and other micro-organisms play a 
very important role, and their use of such 
materials as oxygen, nitrogen, and sulphates 
contributes chemical factors to the soil- or 
clay-forming system. 

The mineralogic, chemical, and physical 
processes discussed above provide a basis for 
a general outline of the manner in which 
they interact to form the three different 
groups of clay minerals—montmorillonite, 
bravaisite, and kaolinite. 

The four distinctive relationships of mem- 
bers of the montmorillonite group may be 
restated: the essential role of magnesium in 
the chemical composition, the entry of iron 
in all proportions into the crystal structure, 
the replaceable bases, and the interlayer 
water between each molecular sheet. Mont- 
morillonite and other members of the group 
have been synthesized in the presence of 
alkalies and alkaline earths, but montmoril- 
lonite has been formed under the widest 
range of conditions in the presence of mag- 
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nesium. Other work indicates that alkaline 
conditions may not be absolutely necessary, 
especially if magnesium is present, but 
montmorillonite probably does not form 
under acid conditions. 

Experimental evidence does not cover the 
effect of other bases, but chemical composi- 
tion and conditions of formation indicate 
their effect rather clearly. Ferric iron enters 
the crystal structure of members of the 
montmorillonite group but forms no part of 
the kaolinite structure; hence the presence 
of ferric iron in the clay-forming system 
favors the formation of montmorillonite. 
Ferrous iron plays the same role as mag- 
nesium in silicate minerals, so it too would 
tend to favor the formation of montmoril- 
lonite. Even where little or no ferrous iron 
enters the crystal structure, its mere pres- 
ence, owing to its higher solubility, would 
increase the availability of iron in the clay- 
forming system. The presence of organic 
materials in association with suitable bac- 
teria gives reducing conditions, and, there- 
fore, reduction or even the absence of active 
oxidation, would tend to favor the forma- 
tion of montmorillonite. The lithium of 
hectorite would exert the same effect as 
magnesium. Other bases including calcium 
and sodium tend to give alkaline conditions 
and in this way promote the formation of 
montmorillonite. 

Chemical composition, experiments on 
synthesis, and the interrelations of ions as 
revealed by X-ray studies of crystal struc- 
ture, combine to explain the tendency for 
solid rock and detrital materials rich in 
ferromagnesian minerals and calcic feld- 
spars, to alter to montmorillonite. 

The soils of the Piedmont region are 
under investigation by L. T. Alexander and 
associates of the Department of Agriculture, 
and seme of the interpretations by S. B. 
Hendricks of the relations between parent 
rock and the resulting clay minerals are 
about to be published. This interpretation 
shows that the soils derived from Triassic 
diabase are in general composed essentially 
of montmorillonite, whereas some of the 
other ferromagnesian rocks of the region 
under similar physical and climatic condi- 
tions have weathered to kaolinitic soils. It 
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seems evident that in the diabase the ferro- 
magnesian minerals and feldspar break 
down together, releasing iron (part of it 
ferrous), magnesium, alumina, and silica, 
giving conditions favorable for the forma- 
tion of montmorillonite or beidellite. In these 
other rocks the ferromagnesian minerals 
break down first, the magnesium is re- 
moved by solution, and the iron is either 
removed or is altered to oxides. The feld- 
spars break down later, and in the absence 
of magnesium, and with the iron absent or 
effectively isolated from reaction by oxida- 
tion, kaolinite forms. 

The alteration of basaltic rocks to mont- 
morillonite under suitable conditions has 
been described by Hosking (1940), who has 
made a study of the origin of a group of 
Australian soils. According to him, “It is 
evident that granite types of parent ma- 
terial will weather to kaolinite or halloysite 
under a very wide range of climatic condi- 
tions ... In the case of basaltic soils, the 
internal moisture conditions . . . appear to 
play an important part in determining the 
mineral clay type formed . . . The first two 
profiles (developed on basalts) are charac- 
terized by good drainage conditions, allow- 
ing of complete oxidation, whereas the third 
is subject to a certain degree of water- 
logging. The soils with good internal drain- 
age, whether formed on granite or basic 
rock, are both characterized by a clay 
mineral of the kaolinitic type... In the 
clay where waterlogging is apparent and 
free oxidation restricted, montmorillonite 
is formed to the exclusion of kaolinite. The 
absence of crystalline iron (oxide) minerals, 
despite the high content of iron in the clay 
is undoubtedly due to the restriction in 
oxidizing conditions, a fact reflected in the 
greenish color of the clay.” 

Glacial materials are composed of feld- 
spars, other aluminous and ferromagnesian 
silicates together with sedimentary ma- 
terials derived from calcareous beds, shales, 
and sandstones. On weathering aluminum, 
silicon, iron, magnesium, calcium, and alka- 
lies are released and a chemical system 
favorable for the development of mont- 
morillonite is formed. 

Lamar, Grim, and Grogan (1938) give 
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the following description of the soils formed 
from glacial materials: “Gumbotil is de- 
rived from glacial till by weathering... 
Gumbotil does not occur on glacial drift as 
young as the Wisconsin drift, but is com- 
mon on the older drifts—the Illinoian, 
Kansan, and Nebraskan. It formed under 
conditions of poor drainage usually just 
below the soil layer over broad, flat upland 
tracts ... The conversion of till to gumbo- 
til in nature involves oxidation, leaching of 
carbonates, and chemical decomposition of 
the silicate materials ... The original till 
contained large amounts of clay minerals of 
the illite group and in general the processes 
of weathering have tended to remove alkali, 
particularly potassium, and to alter the 
illite minerals to those of the montmoril- 
lonite group.” 

Bentonites, whose essential mineral is 
montmorillonite, have a world-wide distri- 
bution and show no observable relation to 
climatic zones. Their derivation from glassy 
volcanic ash has long been established and 
needs no discussion. This ash seems to have 
fallen on land, in fresh-water lakes, in saline 
lakes, and in marine embayments. The fail- 
ure to show a clear mineralogical relation- 
ship to these various environments is not 
easily explained, but perhaps leaching was 
in some places a subsequent process brought 
about by ground water after burial. Such 
a genetic environment has been indicated by 
the work of Bramlette on the bentonites in 
the Monterey shales of California. 

The exact composition of the volcanic 
glass from which bentonite was derived is 
known for only a few occurrences, but the 
associated minerals show that it was most 
commonly the latite type of rock—that is, 
essentially a feldspathic rock. More rarely 
it was rhyolitic. In a few occurrences the re- 
sulting bentonite is known to be higher in 
magnesium than the glass from which it 
was derived, indicating that magnesium 
was derived from magnesium-bearing ma- 
rine or ground waters. Marine waters are 
slightly alkaline and ground waters are 
alkaline or neutral. 

The need for more detailed information 
about the mineralogic relations of the 
bravaisite group has been mentioned, and 
the same is true of their geologic relations. 
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Minerals of this group are dominant ma- 
terials in marine shales, and in soils derived 
from such shales. Over wide areas, especially 
in the east-central United States, they are 
major soil-forming materials. 

The Ordovician of the eastern half of the 
United States contains bentonitic beds that 
are characterized by a clay mineral of the 
bravaisite type; it therefore differs from the 
more normal montmorillonite type of bento- 
nite. So far as known, this type of bentonite 
is confined to the Ordovician, a restriction 
in occurrence that has not been explained. 
The wide distribution—from Georgian Bay, 
Canada, on the north to Alabama on the 
south, and from Pennsylvania on the east 
to Minnesota and Missouri on the west—is 
one of its interesting features. Over these 
wide areas, the bravaisite bentonites con- 
tain over 5 percent of potash, or about one- 
half of that of muscovite. 

Some, if not all, of the Ordovician bento- 
nites represent marine deposits, and it seems 
probable that these, like the marine shales, 
derived their potash from ocean waters. 
However, some of the montmorillonite 
bentonites that are essentially potash-free 
contain marine fossils and must have formed 
in marine embayments, although we do not 
know that leaching took place in the pres- 
ence of ocean waters. 

Geologists have long known that where 
potassium in solution in river, ocean, or 
saline lake comes in contact with clay ma- 
terials there is a preferential fixation of po- 
tassium. Potassium salts are commonly 
minor constituents of such waters and 
sodium salts are dominant, even where the 
two were originally supplied in nearly equal 
amounts. Spencer and Murata in an unpub- 
lished paper have shown that preferential 
adsorption of potassium from sea water is 
not an adequate explanation of this rela- 
tionship. 

The gradual inversion of montmorillonite 
to bravaisite or micalike minerals seems to 
offer an explanation of this preferential fix- 
ation of potassium and the dominance of 
potassium minerals in marine deposits. The 
formulas representing mineral compositions 
indicate the chemical similarity between the 
mica minerals and montmorillonite, and 
X-ray work shows that the crystal struc- 
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tures of the two minerals are very similar. 
There is the physical difference that the 
potassium of micas is linked between the 
sheets in a nonreplaceable condition. In 
montmorillonite, sodium and calcium are 
readily replaceable, but experiments on 
soils show that potassium, even where ini- 
tially replaceable, gradually becomes non- 
replaceable. It seems probable that under 
favorable conditions potassium comes to 
occupy positions tying sheet to sheet— 
that is, positions characteristic of the micas. 
Thus potassium may gradually become 
fixed at the expense of replaceable bases. 
Kaolinite is the common end product re- 
sulting from several geologic processes and 
is especially characteristic of areas of deep 
and thorough weathering and of areas where 
leaching has been unusually effective. Its 
occurrence as an end product of such rigor- 
ous geologic processes is no doubt related 
to its high degree of stability and its com- 
mon association with the most stable min- 
erals. These are commonly quartz, iron 
oxides, and hydroxides, and in some occur- 
rences aluminous hydroxides. The red or 
red-brown color imparted to kaolinitic soils 
by associated free iron oxides is in contrast 
to the greenish, blue-gray, or pale-yellow 
colors of montmorillonite in which ferric 
iron forms a portion of the crystal structure. 
The association of kaolinite with iron 
oxides in many deposits shows that it 
formed under oxidizing conditions. In other 
deposits, from which iron had been re- 
moved, the kaolinite formed in the presence 
of organic materials which gave reducing 
conditions. Reduction and solvent action 
by organic acids favor the removal of bases, 
including magnesium, calcium, and alkalies 
as well as ferrous iron. The tendency for 
acids derived from organic materials and 
oxidizing sulphides to form kaolinite is well 
known. It seems evident, therefore, that the 
removal of bases from the clay-forming sys- 
tem is the essential factor in kaolin forma- 
tion and that the kaolinizing action of acids 
is due to their efficiency in removing bases 
rather than to their effect as acids. Long- 
continued leaching in essentially neutral 
waters may remove all bases, except where 
active oxidation inhibits the removal of 
iron. Feldspar pegmatites in the southern 
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Appalachian region have been altered to 
kaolinite to a depth of a hundred feet or 
more. The pentration of acid solutions to 
such depths during the course of weathering 
is improbable, and such kaolin bodies have 
undoubtedly been due to the leaching ac- 
tion of essentially neutral waters. 

The common association of iron oxides 
and kaolinite should be considered in con- 
nection with the earlier statement that iron 
may favor the formation of montmorillo- 
nite. The effect of ferrous iron in promoting 
the formation of montmorillonite, as al- 
ready pointed out, would be destroyed by 
oxidation. Under extreme oxidizing condi- 
tions iron would be leached from silicate 
minerals and immediately redeposited as 
oxide; in this form it would be removed 
from the reacting system almost as effec- 
tively as when removed by solution. 

Soils formed from limestone are com- 
monly characterized by kaolinite, and since 
this mineral has a low base exchange ca- 
pacity, such soils are commonly deficient 
in calcium. On the other hand, volcanic ash 
low in calcium will alter to montmorillonite 
containing essential calcium. 

Harrison, and later Hardy and Follett- 
Smith (1931) who cited the work of Harri- 
son, studied the soils of British Guiana. The 
former author reports: “Under tropical 
conditions, the katamorphism of basic and 
intermediate rocks at or close to the water 
table, under conditions of more or less per- 
fect drainage, is accompanied by the almost 
complete removal of silica, and of calcium, 
magnesium, potassium, and sodium oxides 
leaving an earthy residuum of trihydrate 
(in its crystalline form gibbsite). ... This 
residuum is termed primary laterite... . 
The process of primary lateritisation is suc- 
ceeded by one of resilication.... Under 
tropical conditions acid rocks do not under- 
go primary lateritisation, but gradually 
change... to more or less quartziferous 
and impure kaolins... On well drained 
mountain plateaux, where rainfall is very 
high and more or less continuous through- 
out the year, primary laterite appears to be 
permanent... On badly drained low-ly- 
ing areas on the other hand, primary later- 
ite appears not to be permanent but gives 
rise to argillaceous earths. . . 
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“During the passage upwards by capil- 
lary attraction in dry seasons when evapo- 
ration exceeds rainfall, the silica-bearing 
solutions derived from underlying rock 
forms surface films of moisture in the 
spongy primary laterite where some of the 
silica reacts with some of the finely divided 
gibbsite to form a hydrated aluminum sili- 
cate principally a crystalline kaolin.” 

Alexander, Hendricks, and Faust (1941) 
report that, ‘“Gibbsite has been shown to be 
a component of a number of soil colloids 
from continental United States. It is a major 
component of some of them. 

“The primary weathering products of 
norites, amphibolites, an epidote green- 
stone schist, a diabase, and muscovite- 
biotite schists, have been shown to contain 
gibbsite .. . Where silica is being liberated 
by mineral weathering in close proximity to 
the gibbsite, resilication to kaolinite takes 
place.” 

The bauxite deposits of Arkansas, the 
Gulf coastal region, and the valley of Vir- 
ginia show an invariable association with 
the more abundant and widespread kaolin 
beds from which they are believed to have 
been derived. The relations in all these areas 
indicate that the formation of these de- 
posits is not comparable to the usual picture 
of laterization, where ferric iron is concen- 
trated together with aluminous minerals. In 
most of these areas no iron-free parent ma- 
terial is available for the formation of white, 
commonly very pure kaolinite, as where ka- 
olin is derived from feldspar pegmatites. 
In widely separated areas there is an asso- 
ciation of kaolinitic materials with lignitic 
beds, or with horizons characterized by 
widespread swampy conditions. The rela- 
tions between bauxite and lignite beds in 
Arkansas has been discussed by Behre 
(1932). Almost without exception ferrous 
iron carbonate has been deposited in under- 
lying or closely associated beds. Siderite 
concretions are not rare within the beds 
themselves. Thus iron has been removed, a 
removal normally possible only after reduc- 
tion; ferrous iron carbonate is a constant 
associate; and there is a widespread associ- 
ation with swamps or lignitic beds, which 
provide a most efficient source of reducing 
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agents and organic acids that dissolve and 
remove bases. The control that this group 
of interrelations has exercised in the pro- 
duction of the kaolin beds in these particu- 
lar regions seems obvious. This, however, 
leaves many problems that require inten- 
sive study, in particular the genetic rela- 
tions between the bauxite and the kaolin 
beds. 

In the presence of mineralizing solutions 
or voleanic vapors, the pressure, tempera- 
ture, and concentrations commonly favor 
the formation of ferromagnesian silicates, 
feldspars, and micas more commonly than 
clays. In the later stages of activity, how- 
ever, as temperatures ‘decrease there is an 
increased tendency for clay minerals to 
form and clays have been reported from 
numerous veins and other mineral deposits, 
all three types of clay materials having been 
identified. Dickite, the hydrothermal mem- 
ber of the kaolinite group, is very wide- 
spread and is commonly associated with 
vein quartz. Bravaisite is probably reported 
as sericite in most lists of minerals as the 
two are very difficult to distinguish. If 
montmorillonite is observed only in thin 
section, it too may be mistaken for sericite; 
however, its low mean index of refraction 
clearly distinguishes it. 

The relative temperatures of formation of 
these three clay groups are not definitely 
known, but perhaps dickite forms at higher 
temperatures than montmorillonite. The 
common association of dickite with quartz 
and a seeming absence of associated ferro- 
magnesian silicates is no doubt significant, 
and the absence of iron and magnesium 
may be necessary for its formation. On the 
other hand, it is evident that montmorillo- 
nite forms in the presence of the bases, ferric- 
iron and magnesium, and under alkalic if 
not alkaline conditions. The alteration of 
the feldspar of pegmatites to kaolinite 
under leaching conditions has been men- 
tioned, but a number of pegmatites have 
been described in which hydrothermal al- 
teration has produced montmorillonite. In 
these, introduction of bases has predomi- 
nated over their removal, and montmoril- 
lonite has been produced. 

The genetic processes revealed in two in- 
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teresting occurrences of clay minerals il- 
lustrate the relations between kaolinite and 
montmorillonite. Studies of the hot springs 
of Yellowstone National Park by Allen and 
Day indicate that acid waters are the result 
of oxidation of hydrogen sulphide near the 
surface, and that the primary waters or va- 
pors are all alkaline in depth. 

Fenner (1936) in his detailed studies of 
the materials encountered in drill holes put 
down in selected parts of the hot-spring 
areas of the park, gave special attention to 
the relation of these materials to depth, 
pressure, and the chemical character of the 
escaping vapors. He says: “‘The effect of 
acidity is thus apparent in the formation of 
kaolinite as far down as 95 feet, ... at 
greater depths the alteration produced be- 
idellite only.” That is, below the zone of 
acid solutions a clay of the montmorillonite 
group formed. The highest pressure meas- 
ured was 277} pounds at a depth of 2463 
feet, where the temperature was 205° C. 
Thus a mineral of the montmorillonite 
group may form at rather high tempera- 
tures and pressures in the presence of alka- 
line solutions. Fenner observes that pyrite 
commonly accompanies beidellite in the 
Yellowstone materials. 

The conclusions by Fenner about the ori- 
gin of clay minerals at Yellowstone coincide 
with relationships at Magnet Cove, Ark. 
(Ross, 1941). Steam-shovel operations con- 
nected with rutile mining have shown the 
existence of a volcanic neck filled by an ag- 
glomerate made up of various rock types 
and enclosed in a matrix of clay minerals. 
Abundant rutile and pyrite are associated 
with these materials. A nearly pure feld- 
spathic rock shows various degrees of al- 
teration to montmorillonite. The matrix 
material around rock fragments was orig- 
inally glassy volcanic ash, but this has been 
altered to montmorillonite, which has been 
in part later altered to kaolinite. The rela- 
tionships indicate that volcanic waters and 
vapors carrying bases and rich in sulphides, 
rose through the porous agglomerate alter- 
ing both feldspar and glass to montmoril- 
lonite. It seems evident that as voleanic ac- 
tivity waned, these sulphide-bearing vapors 
were in part condensed and oxidized in con- 
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tact with air. This resulted in sulphuric- 
acid-bearing solutions, which percolated 
back into the porous agglomerate, partly 
altering the montmorillonite to kaolinite. 

The foregoing outline presents a much 
generalized picture of soil-forming processes 
in which many of the factors discussed 
have been qualified as trends or tendencies. 
Detailed studies of individual occurrences 
will no doubt show many apparent excep- 
tions, which will be cleared up only by in- 
tensive geologic work involving correlation 
between mineral composition and the physi- 
cal and chemical factors that interacted to 
produce the clay material. 

The relationships between many different 
parent rocks and their products of weather- 
ing need to be studied. Information is es- 
pecially needed about the clay minerals in 
fine-grained sedimentary rocks, and the re- 
sulting product, where these are exposed by 
erosion and themselves undergo weathering. 
The relative effects of leaching in the pres- 
ence of solutions of differing chemical char- 
acter have not been determined in adequate 
detail. Alternate wetting and drying prob- 
ably is more destructive than either con- 
tinued aridity or humidity, but this question 
has never been fully investigated. Inter- 
mediate or transitory products may in- 
tervene between the parent rock and the 
end product, and may influence the charac- 
ter of that product. The effect of base ex- 
change on the quality of ground water is 
being studied, but the effect of salts carried 
in solution upon the sedimentary materials 
is too little known. Is the clay or soil the 
result of reactions in a single physico- 
chemical system or have there been changes 
that make it the result of several genetic 
episodes? Is the clay material in equilibrium - 
with its environment or not; that is, to 
what extent may clay minerals be in a me- 
tastable condition? Has there been admix- 
ture with materials from several sources 
that developed under distinct environ- 
ments? What were the conditions of final 
disposition, was it in fresh or salt water? 
How have all these processes been modified 
by associated organic materials? Numerous 
soil types from many parts of the world 
have been described, and soil specialists 
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have given particular attention to the differ- 
ent horizons of the soil profile, and those 
geologists particularly interested in soil 
problems are under obligation to consider 
this work and understand the geologic sig- 
nificance of soil types and soil profiles. 
Much of this needed information will be at- 
tained only by detailed studies of selected 
areas where the greatest number of con- 
trolling factors are determinabie; but also 
much more may be determined and re- 
corded as incidental results during the 
course of general geologic studies of a re- 
gion. This is needed because the science of 
soil geology is in many ways in the early 
stages in which the mere accumulation of 
information by workers in many fields is 
necessary as a basis for future progress. 
Here are problems for the mineralogists, 
geologists, soil specialists, chemists, and 
physicists—in particular geologists and 
physical chemists. 

Dr. W. P. Kelley, of the University of 
California, one of our most far-seeing soil 
scientists, presented as a part of a sym- 
posium on clays at the University of Chi- 
cago in 1941 a paper entitled “Modern clay 
researches in relation to agriculture” (1942), 
which should interest all geologists. In this 
he said: ‘‘A knowledge as to the kind of clay 
minerals found in soils bids fair to throw 
important light on soil formation processes, 
that is, on soil genesis . 

“Modern researches on the clays are, 
therefore, placing the subject of soils on a 
new footing. They have served to emphasize 
the close relationship between soil science 
and geology and mineralogy ... There is 
simply no point where you can separsite 
geological from soil processes . 

“That clay research is drawing soil 
science into closer contact with geology is 
one of its important by-products. In my 
opinion the closer the cooperation between 
soil workers and geologists the better. In 
fact I look upon several of the important 
phases of soil science as aspects of geology.”’ 

Dr. Kelley has made himself the leading 
advocate among soil scientists of the neces- 
sity of the geologic and mineralogic ap- 
proach to many soil problems and of the 
inadequacy of purely chemical methods. 
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However, he and other leading soil workers 
feel, seemingly not without some reason, 
that geologists have not given all the help 
for which their training fits them. 

Clay studies are not without their bearing 
on the broader problems of geology—the 
problems of those geologists who are not 
primarily interested in soils and related 
materials. The promptness with which clay 
materials react to changes in environment 
is a measure of the information they may 
hold. Clays respond to acid or to alkaline 
conditions, to swamps or to aridity, to 
oxidizing or reducing conditions, to fresh 
water or to marine deposition, to the pres- 
ence or to the absence of organic materials. 
No one can see all the possibilities that may 
come of any research, but some of the re- 
sults may be suggestive. 

The bentonites have told us much. These 
clays are the only record of the ash showers 
that fell so widely in Ordovician seas. They 
are also evidence of the volcanic activity 
that ringed the Gulf of Mexico in Creta- 
ceous and Tertiary time, with a dozen or 
more ash showers recorded in the clays of 
Mississippi. They seem to present evidence 
that certain embayments were of fresh or 
at most brackish water, whereas other em- 
bayments of the same general region were 
marine. Clays have presented very definite 
evidence as to the chemical character of 
mineralizing solutions and no doubt will 
present much more as they are intensively 
studied. 

The clays hold a story that will grow as 
we know them better. Should we not heed 
the earnest plea of men like Dr. Kelley that 
geologists accept as their own some of the 
problems of soils? 


LITERATURE CITED 

ALEXANDER, L. T., Henpricks, S. B., and 
Faust, G. T. Occurrence of gibbsite in 
some soil forming materials. Proc. Soil 
Sci. Soc. Amer. 6: 52-62. 1941. 

Benre, C. H. Origin of baurite deposits. 
Econ. Geol. 27: 678-680. 1932. 

Fenner, C. N. Bore hole investigations in 
Yellowstone Park. Journ. Geol. 44 (no. 2 
pt. 2): 225-315. 1936. 

Harpy, F., and Fouterr-Smirn, R. R. I. 
Studies in tropical soils. II. Some char- 
acteristic igneous rock soil profiles in 
British Guiana, South America (includes 





Ava. 15, 1943 


citations of the studies of J. B. Harrison). 
Journ. Agr. Sci. 21 (pt. 4): 750. 1931. 

Hosxine, J. 8S. The soil clay mineralogy of 
some Australian soils developed on granitic 
and basaltic parent material. Journ. Aus- 
tralian Counc. Sci. and Industr. Res. 13: 
206-216. 1940. 

Ke.iey, W. P. Modern clay researches in re- 
lation to agriculture. Journ. Geol. 50 
307-319. 1942. 


PHYSICS.—The scientific significance of ferromagnetism.' 
sachusetts Institute of Technology. 


Half a century or so ago theoretical and 
experimental investigations were under- 
taken that revealed the main facts about 
ferromagnetism. On the one hand, they 
made possible the formulations of ideas that 
are basic in an understanding of the subject 
and, on the other hand, led to technical de- 
velopments that made possible the enor- 
mous electrical industry of today. It would 
be interesting to follow both of these de- 
velopments simultaneously, but I have 
chosen to concentrate on the scientific 
rather than on the engineering aspects of 
the subject. Ewing, Weiss, and Curie 
showed us that a ferromagnetic substance 
owed its peculiar properties to the interac- 
tion of elementary magnets of atomic di- 
mensions, that these interactions were not 
entirely of magnetic origin, and that the 
transition from ferromagnetism at low tem- 
peratures to paramagnetism at high tem- 
peratures was not a real change of phase, 
as melting for instance, but a new sort of 
transition associated with a discontinuity 
of specific heat rather than a latent heat. 
Weiss showed that to a first approximation, 
at any rate, ferromagnetism could be under- 
stood as a special case of paramagnetism 
in which Langevin’s fundamental equation 
relating magnetization to the dimensionless 
quantity wH/kT had to be modified only by 
assuming that the field acting on each ele- 
mentary particle was not the externally 
applied field alone, but the resultant of this 
field and an internal field resulting from 
the interaction of the elementary magnets 
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with each other and on the average propor- 
tional to the intensity of magnetization it- 
self. Thermodynamically the results a- 
chieved were sound and. satisfying, except 
perhaps that stress and strain tensors were 
omitted from the theory, and all phenomena 
related to magnetostriction and thermal ex- 
pansion were omitted. These are, however, 
not fundamentally important and can be 
incorporated into the theory at the expense 
of simplicity. Statistically, the results were 
not satisfactory. Although the Boltzmann 
constant appears, this is due only to the in- 
corporation of the theory of paramagnet- 
ism, and the real problem of interpreting 
the atomic interactions is avoided alto- 
gether by the simple assumption of an in- 
ternal field. From the point of view of 
atomic physics, one important result was 
achieved: namely, the specification of the 
order of magnitude of atomic magnetic 
moments. On the other hand, the actually 
observed values of Curie temperatures of 
the order of 1,000° K. could not be ex- 
plained on the basis of known interatomic 
fields, and the origin of these fields was a 
major mystery for many years. 

One last item remains to be mentioned to 
complete the picture prior to the advent of 
the quantum theory and more recent de- 
velopments in atomic physics. The Weiss 
theory, because of its simplifying assump- 
tions regarding atomic interactions and the 
internal field, predicted spontaneous mag- 
netization of an entire sample to saturation 
at all temperatures below the Curie point. 
This was completely contrary to fact, and 
left unexplained the origin of hysteresis, 
and all the phenomena related to mag- 
netization—of such great technical impor- 
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tance. Ewing’s work on models consisting 
of many small magnets free to rotate near 
each other indicated that Weiss’s spontane- 
ous magnetization existed only in small re- 
gions and that the magnetic interactions of 
these regions was probably sufficient to ac- 
count for the main features of the process of 
magnetization. This was capable of direct 
experimental observation, and it is interest- 
ing to note that, although all the means for 
making such observations were at hand, 
more than a quarter of a century elapsed be- 
fore these observations were actually made. 
This brings us to an entirely new aspect of 
the subject, which I should like to discuss 
briefly by way of digression from the main 
argument of this lecture. The physics of 
crystals has been developing most satisfac- 
torily wherever theoretical interpretation 
was possible, and the advent of X-rays 
helped to emphasize the fundamental regu- 
larity which so much facilitated theoreti- 
cal treatment. There is, however, a stage 
between the atomic and the truly macro- 
scopic, which has great importance and 
which has properties peculiar to itself. Crys- 
tallographers have, of course, made many 
observations bearing on this point, and fer- 
romagnetism contributes but one more of 
the many aspects of the problem to be 
studied. By using very fine magnetic pow- 
ders thestray fields on ferromagnetic crystals 
have been studied, and the existence of a 
complex and often highly symmetrical mag- 
netic structure has been revealed, varying 
in shape and design in a most intriguing 
manner. This may be related to a more 
fundamental submacroscopic or “block” 
structure of crystals, and so to the mechani- 
cal properties of strength, plasticity, fa- 
tigue, ete. Much work, however, remains 
to be done before real progress in these fields 
is to be expected. 

The discovery of the spinning electron, as 
well as the recognition that it was the pri- 
mary source of the magnetic moment in 
most ferromagnetic substances, was a nec- 
essary preliminary to the advances in our 
understanding of the subject due to Heisen- 
berg. Of the two great advances for which 
he is responsible, only one is usually empha- 
sized, and that is the interpretation of the 
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internal field in terms of short-range forces 
postulated in quantum theory to explain a 
wide variety of phenomena. The mystery of 
the high Curie temperatures was satisfac- 
torily solved. 

The other important contribution, how- 
ever, in no way depended on the quantum 
theory. It was an attempt to give a satis- 
factory statistical background to the inter- 
nal field assuming short-range forces and 
interaction between only nearest neighbors 
in a crystal. The difficulty of this problem, 
essentially the definition of the entropy, or 
the number of states associated with any 
given energy, is largely responsible for our 
failure to make real progress in understand- 
ing cooperative phenomena. We know far 
more about the atoms themselves than 
about the manner in which they ‘‘cooper- 
ate’’ to produce macroscopic matter. Even 
for the simplest conéeivable elementary par- 
ticles the treatment of interacting aggre- 
gates breaks down except for special cases 
(the linear chain), which do not have the 
discontinuous properties of particular inter- 
est in actual substances. It seems that the 
kind of mathematical functions we use are 
inherently unsuitable and that mathemati- 
cians must develop for us some new treat- 
ment of discontinuities of various sorts 
before we can handle phases and their transi- 
tions with anything like the satisfying ele- 
gance with which we describe simpler 
atomic processes. Since it was not possible 
to derive the entropy function, Heisenberg 
assumed that it could be adequately de- 
scribed in terms of a suitably chosen func- 
tion containing parameters that could be 
calculated for the particular kind of atom 
assumed. This led to equations essentially 
similar to those first presented by Weiss, 
but with two relevant modifications. These 
were, first, that the equations were consist- 
ent with the idea of short range forces, and, 
second, that ferromagnetism could exist 
only in certain types of crystals, and prob- 
ably not in simple cubic lattices. The equa- 
tions broke down at low temperature, 
however, because of the limitations of the 
approximation used. They also gave some 
indication of why ferromagnetism appeared 
only in certain ones of the transition ele- 
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ments, but the treatment was inherently 
too complicated to allow detailed analyses 
of particular substances to be made. It was 
a tantalizing prospect to interpret the be- 
havior of alloys with various degrees of 
order and disorder and in concentrations 
ranging from dilute solutions exhibiting 
only feebly magnetic properties to pure 
ferromagnetic substances. Heisenberg’s 
treatment can, in principle, take into ac- 
count the particular arrangements of atoms 
among each other, and may yet be of great 
value in helping to interpret many purely 
metallurgical phenomena. Although no 
such applications of the theory have as yet 
been carried through, a qualitative study 
has shown that many unfamiliar magnetic 
phenomena are to be expected. Experi- 
mental results, which I shall review briefly 
at the close of this lecture, indicate that 
these predicted anomalies do in fact exist 
and that the investigation of the properties 
of certain alloys and compounds at low tem- 
perature may be expected to throw con- 
siderable new light on the theory of atomic 
interactions in solids. 

It is now known that ferromagnetism is 
due to electrons that are neither so tightly 
bound to atomic cores as electrons in the 
lower energy levels nor so loosely bound as 
the conduction electrons. This intermediate 
condition between tight and loose binding 
seems particularly difficult to describe ade- 
quately. In addition to the approach from 
the atomic side discribed above, another at- 
tempt was made, primarily by Bloch and 
Slater, starting with the electron theory of 
metals. This recognizes the fact that the 
atomic energy levels are split up into over- 
lapping energy bands in solids and that the 
main features of metallic phenomena are 
due to the extent of the population of the 
energy bands by electrons. Thus the main 
differences between copper and nickel are 
due not to changes in the possible energy 
states, but to the fact that copper has more 
electrons to fill these states. The ferromag- 
netism of nickel is, then, due to the fact 
that a certain “band”’ of states is not com- 
pletely occupied, and some of the proper- 
ties, particularly the saturation value of the 
magnetization of copper-nickel and of other 
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alloys, can be interpreted simply in terms 
of the number of electrons available to fill 
the energy bands. The treatment, however, 
does not lend itself to the interpretation of 
many of the observed phenomena, particu- 
larly those depending on the arrangement 
of atoms among each other in alloys. 

So much for the theoretical aspects of the 
subject. Experimentally, the scope of mag- 
netic phenomena investigated has been 
fairly limited. The common ferromagnetic 
elements have been thoroughly studied, and 
certain alloys and compounds that are easy 
to prepare have been investigated in con- 
veniently available ranges of fields and tem- 
peratures. During recent years there have 
been several attempts to expand our knowl- 
edge experimentally. I shall describe briefly 
one that I have been associated with at 
M.I.T. Drs. A. R. Kaufmann, Chauncey 
Starr, and 8. T. Pan and other members of 
the student body and of the faculty were to 
a large extent responsible for the results ob- 
tained. The aim was to explore new fields 
rather than continue the investigation of 
known phenomena in greater detail. This 
has been done by extending the available 
range of temperatures, fields, and sub- 
stances to be studied as much as possible. 
Up to the time that work had to be aban- 
doned, temperatures ranging from that of 
freezing hydrogen to the melting point of 
common metals had been used. Fields up to 
100,000 gauss of adequate constancy for 
long periods of time had been produced in 
sufficiently large volumes for investigations 
in the above temperature range. These 
fields were not used in the investigations 
mentioned above, but can be had when 
wanted. The measurements made used 
fields up to 30,000—40,000 gauss. The use of 
more intense fields at even lower tempera- 
tures offers attractive possibilities, not only 
because of the new phenomena to be ex- 
pected, but also because it should make a 
direct measurement of atomic magnetic 
moments possible—a quantity of funda- 
mental importance which now has to be de- 
duced with considerable uncertainty from 
other measurements. Finally measurements 
were made not only on readily available 
pure metals and alloys but also on some of 
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the rare earths, and on anhydrous salts of 
the transition elements. In general greatest 
interest lies in the substances having incom- 
plete inner electron shells and in physical 
aggregates in which the separation of atoms 
and their geometrical arrangement are sub- 
ject to variation. 

The investigations carried out can not be 
considered more than a preliminary survey, 
but they do indicate the direction in which 
more work would be profitable. It was 
found that, in addition to typical paramag- 
netic and typical ferromagnetic substances, 
there is an intermediate class that is neither 
the one nor the other. In alloys the transi- 
tion from the one to the other is not sharp, 
and the nature of the transition requires 
further investigation. It is also qualita- 
tively different in different alloy systems, 
as, for instance, Cu-Ni and Cu-Fe. The 
limited solubility of iron in copper limits the 
experiments, and other systems, such as 
Au-Ni and Au-Fe, may be expected to 
clarify the situation further. The rare 
earths have interesting anomalous proper- 
ties especially at low temperatures. The 
main difficulty in investigating these lies in 
the preparation of sufficiently pure samples. 
This is technically difficult and very impor- 
tant, since at low temperatures small quan- 
tities of magnetically active impurities can 
completely mask the normal behavior of 
a substance. The salts of the transition ele- 
ments, especially when the atoms are not 
separated too much by water molecules, 
may be expected to show interesting proper- 
ties, in part because of their crystal struc- 
ture, which makes possible more compli- 
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cated interaction patterns then the cubic 
metals. This is borne out not only by the 
temperature dependence of the suscepti- 
bility, which is quite anomalous in some 
cases, but also by the magnetization curve 
itself which in some substances has been 
found to have an “‘S” shape as in ferromag- 
netic materials, but without hysteresis. 
Fields at least as intense as those used are 
necessary for the study of this phenomenon. 
The interpretation of the magnetic mo- 
ments of atoms in various states of aggrega- 
tion is also very incomplete, in large meas- 
ure because of the difficulty of defining it 
adequately in terms of measurements so far 
made, as previously pointed out. The study 
of very dilute solutions of magnetic atoms 
in magnetically inactive metals at low tem- 
peratures and high fields should produce 
very valuable results. 

Summing up, then, we may say that al- 
though theory has made very considerable 
progress in the interpretation of ferromag- 
netic phenomena, it has so far been confined 
to a limited class and a considerable expan- 
sion of the ideas involved is needed. Recent 
experiments have shown that much more 
complicated phenomena exist than had been 
suspected. Finally, it seems that the next 
move is up to the experimentalist—to sur- 
vey the field and define the magnetic 
properties of matter in such a way that the 
theorist has something definite and reason- 
ably complete to work on. All the tools for 
doing this are at hand, or at least. can be had 
when we once again return to our labora- 
tories to resume the work that, for the pres- 
ent, has had to be abandoned. 


ANTHROPOLOGY.—The relocation of persons of Japanese ancestry in the United 


States: Some causes and effects.' 


ity. (Communicated by Wiuu1aM N. 


BACKGROUND OF EVACUATION 


In ten new communities from California 
to Arkansas, there live today 107,000 per- 
sons of Japanese ancestry, two-thirds of 
whom are American citizens. These people 
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ceived May 10, 1943. 

? On leave from the University of Toronto. 


Joun F. Emprez,? War Relocation Author- 


FENTON.) 


were all evacuated from the West Coast as 
a result of the war and are now living under 
conditions of “protective custody.” This 
situation presents a number of important 
problems both political and sociological. 
Politically, most of the issues of war and of 
the peace to follow are bound up in these 
“relocation centers.’’ For instance, is the 
United States fighting a racial war as Japan 
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claims, or is she fighting an ideological war; 
if administrative problems involving a 
hundred thousand people can not be intelli- 
gently and democratically solved, how are 
we to solve the complex postwar problems 
of, say, Southeast Asia with its mixed 
population of a hundred million? Socio- 
logically, some of the important problems 
raised by the situation are the social effects 
on the people who have been relocated. 
How are these people living? What have 
evacuation and life in relocation centers 
done to the social organization and set of 
social sanctions that had grown up in the 
Japanese communities on the West Coast? 

In order to gain some understanding of 
present attitudes and social developments, 
it is necessary to look briefly at the history 
of the people since December 7, 1941. The 
first effect of Pearl Harbor on the Japanese 
population in California was one of shock. 
The stunning effect was even greater for the 
resident Japanese than for the rest of the 
West Coast population. This was the be- 
ginning of the much-talked-of, much-feared 
war between the land of their parents and 
the land of their children. 

When nothing drastic happened after the 
initial internment of a number of Japanese 
by the intelligence agencies, people relaxed 
somewhat and went about their business. 
It looked as if nothing further would occur 
as long as the people of Japanese ancestry 
remained law-abiding and did their bit in 
the war effort by buying war bonds and 
volunteering to join the Army. . 

Then things gradually began to happen. 
Civil Service dropped Japanese-Americans 
from its rolls, and the Army ceased to ac- 
cept Japanese-American volunteers. To the 
niset, as Japanese-American citizens are 
called, these were bitter pills to swallow. 
Then rumors from Hawaii of sabotage and 
fifth-column activity began to drift into 
California via returning Navy wives and 
others. In spite of the fact that these rumors 
were specifically branded as untrue by na- 
tional intelligence agencies operating in 
Hawaii, they gained wide currency on the 
West Coast and added to the fears of the 
people both military and civilian—fears 
that what was said to have happened in 
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Hawaii could happen all up and down the 
West Coast. Newspaper columnists such as 
Pegler and McLemore began to beat the 
drum for internment of all Japanese regard- 
less of citizenship. McLemore, for instance, 
wrote, “Let us have no patience with the 
enemy or with anyone whose veins carry his 
blood,’’* and Pegler shouted, ‘To hell with 
habeas corpus!’ Economic interest groups 
and professional anti-Oriental groups real- 
ized that in this situation there was a 
golden opportunity for carrying out some 
of their rather undemocratic policies. 

Finally and decisively, the Army became 
worried by Japanese victories in the Pacific 
and by the rising tension in California. They 
asked for the right to move people as they 
saw fit from vital West Coast areas. On 
February 19, 1942, the President issued an 
Executive Order authorizing General De- 
Witt, as Commander of the Western De- 
fense Command Area, to move any persons 
or groups of people as he felt necessary to 
protect the military security of the area. 

On March 2, a restricted area was de- 
lineated from which all persons of Japanese 
ancestry, regardiess of citizenship or past 
behavior, were to be evacuated. By March 
29, 8,000 persons had “voluntarily’”’ moved 
eastward. As might have been predicted, 
opposition arose in the inter-mountain 
States to any mass migration into their ter- 
ritory, and finally it became impracticable 
for any further movement of this sort. Con- 
sequently the voluntary migration was 
called to a halt, and it became necessary to 
provide some sort of Federal control and 
protection. 

The War Relocation Authority, which 
had been established on March 18, 1942, to 
assist évacués financially or otherwise in 
their movement eastward, was now faced 
with the problem of having to establish 
areas where the people could go and live 
until the crisis was passed. Thus came into 
existence the relocation centers, not as a 
part of any original plan to detain all the 
people, but rather as a practical expedient 
made necessary as a result of the war emer- 
gency. It was necessary in locating sites for 


* Column of January 29, 1942, 
‘ February 16, 1942. 
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and establishing relocation centers to enter 
into agreements, not only with the Army in 
regard to internal security, but also with the 
governors of the States concerned. Since all 
this took time it was necessary to establish 
in the meantime a number of temporary 
“‘assembly centers” in various parts of Cali- 
fornia, Washington, and Oregon. These as- 
sembly centers were run by the Wartime 
Civil Control Administration, a branch of 
the Army. Being largely made-over parks 
or race tracks, they were not intended orig- 
inally for housing large numbers of people; 
and even in this emergency period it was 
not intended that they house people very 
long. However, they functioned for several 
months, and the living conditions within 
them have had serious effects on the people 
concerned. 

The people, workers, business men, col- 
lege students, priests—all were herded to- 
gether in what they regarded as degrading 
conditions and humiliated by being penned 
behind fences and guarded by military 
guards. A deep sense of shame was created 
by the circumstances of induction to these 
centers. The long uncertain waiting period, 
during which people had little opportunity 
or incentive for reorganizing community 
life, had a demoralizing effect. 

The relocation centers were long in build- 
ing, owing to problems of location and pri- 
orities, and most of them were incomplete 
when trainloads of 500 évacués at a time 
came into them. The trip was by coach, 
usually during very hot weather. On ar- 
rival the évacués, hot, tired, and worried, 
went through “intake’’ where a nurse 
looked at each throat and someone else took 
down names and assigned housing space 
without much attention to the needs and 
desires of the people to be housed. The 
housing was inadequate at first and meals 
were disorganized. The centers were 
guarded by military police, and later 
barbed-wire fences were built. 


EFFECTS OF RELOCATION CENTER LIFE 


Halting of the assimilation process—Each 
center houses 6,000 to 17,000 people, all of 
Japanese ancestry. In fact, this ancestry is 
the only thing in common to the whole 
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group. Many individuals who had formerly 
lived in non-Japanese communities in Cali- 
fornia felt very strange in this all-Japanese 
community. There is the now familiar story 
of the child who after a few days in a center 
said to her mother, “Let’s go home now. I 
don’t like it in Japan’ One of the effects 
of this situation was the increase in the use 
of Japanese language and also an increase 
of the influence of older Japanese. In Cali- 
fornia, before the war, young Americans 18 
to 20 years old were gradually becoming in- 
dependent of their parents and following 
American patterns of life. In the relocation 
centers the only older people to guide them 
were the Japanese, and because of the 
breakdown of various social and community 
organizations the average person was 
thrown back to a greater dependency on his 
family as the only stable group left. 

Effects of housing conditions.—Housing in 
the centers consists of army-type barracks 
divided into four or five rooms or “‘apart- 
ments.”’ These structures were made by the 
Army and are more suitable for housing 
single men than for housing families. Owing 
to overcrowding in many centers, members 
of more than one family are frequently 
housed in one room. Toilet and bathing fa- 
cilities are in a separate structure, in each 
block of 12 barracks. In both the wash 
rooms and the apartments there was at 
first no provision whatever for privacy. 
Eating was in mess halls, one for each block 
of barracks. There is no special provision 
for family eating, so that individuals sit 
down more or less as they arrive in the mess 
hall. Parents have been worried by the 
effect of this type of eating on the manners 
of their children: The whole housing situa- 
tion has had a demoralizing effect on family 
standards of living and on family controls 
over children’s behavior. 

Anzieties.—As a result of evacuation a 
great many anxieties afflict the people living 
in relocation centers. They are worried as to 
the effect of relocation on their children; 
they are worried as to their future and the 
future of their children in the United States. 
Fears in regard to food, in regard to citizen- 
ship rights, in regard to all sorts of things 
both large and small are prevalent. This 
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feeling of insecurity is reflected in numerous 
alarmist rumors—rumors that they will be 
left and forgotten in the desert, contrary 
rumors that they will be moved again to 
another center, rumors that there is not 
enough food in the storehouse for more than 
24 hours, rumors that the hospital facilities 
are dangerously inadequate. 

Breakdown of community controls.—Be- 
cause of the fact that people in the centers 
come from various social and economic 
backgrounds and owing to the disorganizing 
effects of evacuation and assembly center 
life, most of the usual community controls 
on behavior are lacking. There has been a 
breakdown, for instance, of the economic 
position of fathers as heads of the family. 
Some of the results of this loss of commun- 
ity solidarity and control over its individ- 
uals are to be seen in the growth of truancy 
among the children. Delinquency of various 
sorts and other antisocial conditions are in 
striking contrast to the usual law-abiding 
well-regulated manner of living of the Jap- 
anese of California before the war. For in- 
stance, there was no provision for the mak- 
ing of furniture, with the result that it be- 
came necessary for individuals to pick up 
scrap lumber wherever they could find it. 
People who never would have thought of 
such petty thievery before relocation were 
forced into it by circumstances of center life. 
Another element in this situation is a lack 
of motivation for doing things that one does 
in a normal community. Why work for $16 
a month? Why study in a barracks school 
with no future ahead of one? 

Family dependency.— Most of the familiar 
sources of social security have been lost— 
the neighborhood group, the occupational 
group, business or farm, and home. One re- 
sult of this has been an increased depend- 
ency on the family as the only stable unit 
left. Many nisei who before the war were 
drifting away from their parents and enter- 
ing other social groups now put great store 
by family unity—so much so that many are 
reluctant to leave the center if a job is avail- 
able because it would mean separation of 
the family. 

Magnification of minor issues.—Owing to 
the restricted conditions of living behind 
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barbed-wire fences and under the control of 
an administration whose acts often appear 
arbitrary, many things that in an ordinary 
community would cause little comment of- 
ten become magnified in importance. As 
already mentioned, rumors are very com- 
mon, most of them of an alarmist nature. 
Numerous small and violently antagonistic 
cliques have grown up within the centers. 
Lengthy discussion and argument over 
what in normal life would be regarded as 
inconsequential is typical.® 

Developments of caste attitudes.—Practi- 
cally all the évacués are of Japanese an- 
cestry, while the Government officials are 
Caucasian. The administration has better 
eating and housing facilities, and members 
of’ the administrative staff have much 
greater social security than have the 
evacuees. Such a social situation where one 
racial group does the administrating and 
another is administered leads inevitably to 
a caste distinction. 

Disillusionment in American democracy.— 
Most of the younger évacués have been 
brought up in American schools and indoc- 
trinated in the ideals of American democra- 
cy, which teaches, among other things, that 
racial discrimination is undemocratic. To 
many of these people the evacuation from 
the West Coast was a shocking contradic- 
tion on the part of the Government of this 
basic teaching. The fact that no distinction 
was made even for war veterans or families 
with sons in the United States Army led to 
the embitterment of many people. One man, 
for instance, who was a veteran of the last 
war and who was formerly a very patriotic 
American citizen gradually got to brooding 
over his treatment as a result of the evacua- 
tion order and eventually became the leader 
of an anti-American group. 

Wardship.—People in the centers are 
provided with food and shelter, however in- 
adequate they may be. They are also re- 
lieved of all responsibility for making deci- 
sions affecting the community, since these 
decisions are made by the Government. As 


5 Similar social conditions are typical of the 
internment camp for British and Americans in 
Hong Kong. See Alsop’s articles in the Saturday 
Evening Post for January 9 and 16, 1943. 
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a result there is beginning to grow up an 
attitude of dependency on the Government, 
a loss of individual initiative on the part of 
some individuals. The centers also represent 
security in contrast to the insecurity of the 
outside world. This is perhaps one of the 
most significant developments of life in the 
centers, because it means that many of the 
people now in the centers may never leave 
regardless of what opportunities may be of- 
fered to. them. It is easier to sit back and let 
someone else provide the food and shelter 
and make the decisions than to undertake 
the burden of life in a competitive society. 


PRESENT POLICY OF WAR RELOCATION 
AUTHORITY 


The War Relocation Authority came into 
the picture of evacuation shortly after the 
original evacuation order. The original plan 
of the Authority was to assist persons ex- 
cluded from certain areas in finding work 
and to provide food and shelter for those 
who could not. The work was not (and is 
not) restricted to persons of Japanese an- 
cestry. However, as is indicated in the first 
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part of this paper, the relocation centers for 
Japanese came into existence through a 
number of unforeseen factors. Since last 
summer, however, the Authority has been 
concerned with the problem of how to get 
people out of the centers and back into 
American life. In this connection, a number 
of specific things have been done. Last Oc- 
tober a special leave policy was developed 
whereby individuals could apply for leave 
from the center if they had a job or some 
other means of support. In February, 1943, 
the Army reopened its ranks to a limited 
number of Japanese-Americans. 

In connection with the general policy of 
resettlement now of primary concern to the 
Authority, there are a number of special 
problems that are rather difficult to over- 
come. American public opinion does not 
always distinguish between our Japanese 
enemies in the Pacific and the Japanese- 
American minority group in this country. 
The growth of wardship and institutionaliza- 
tion in the relocation center residents them- 
selves is another factor that tends to 
perpetuate the existence of centers. 


A. C. Smita, 


Arnold Arboretum, Harvard University. (Communicated by Wiu1am R. 


Maxon.) 


Among many plants of unusual interest 
from the Chocé region of Colombia, E. P. 
Killip obtained in 1939 a specimen of the 
family Vacciniaceae that apparently repre- 
sents a new genus. At first glance this 
plant, with its stiff parallel-veined leaves 
and 1-flowered bracteate inflorescences, re- 
sembles the family Epacridaceae, which is 
scarcely to be expected from the region. 
Examination of the flowers proves it to be- 
long to the Vacciniaceae, in which it is only 
remotely related to described genera. It is a 
pleasure to dedicate the new genus to the 
collector, my colleague and friend, in appre- 
ciation of his invaluable work on the flora 
of Colombia. The accompanying illustration 
has been prepared by Gordon W. Dillon. 


Killipiella A. C. Smith, gen. nov. 
Calyx cum pedicello minuto articulatus, tubo 


1 Received May 1, 1943. 


conico-cupuliformi, limbo erecto quam tubo 
longiore fere ad basim 4-diviso, lobis papy- 
raceis textura bracteis similibus. Corolla cy- 
lindrico-conica, lobis 4 sub anthesi conspicuis 
lanceolatis demum valde reflexis. Stamina 8 
similia corollam subaequantia sub anthesi ex- 
serta, toro basi corollae inserta, filamentis 
liberis vel inter se basi leviter cohaerentibus, 
antheris basim versus dorsifixis gracilibus rig- 
idis erectis, thecis minute granulosis basi con- 
spicue appendiculatis, tubulis quam thecis fere 
duplo longioribus gracilibus copiose sed minute 


“tuberculatis per rimas introrsas apicales plus 


minusve elongatas dehiscentibus. Ovarium in- 
ferius, loculis 4, dissepimentis ut videtur de- 
mum evanescentibus, placentis parvis basim 
angulorum versus dispositis, ovulis maturis 
paucis plerumque 1-3 in quoque loculo (aliis 
abortivis) conspicue reticulatis. Discus ovarium 
coronatus pulvinatus apice depressus, stylo fili- 
formi corollam subaequante sub anthesi ex- 
serto, stigmate truncato. 
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Frutex epiphyticus, ramulis gracilibus elon- 
gatis, stipulis nullis. Folia alternata parva 
breviter petiolata nervis subimmersis copiosis 
subparallelis. Inflorescentia axillaris uniflora 
abbreviata, rhachi brevi bracteis imbricatis ad- 
pressis concavis obtecta, flore solitario termi- 
nali apice rhachis subsessili. 


Killipiella styphelioides A. C. Smith, sp. nov. 


Frutex epiphyticus, ramulis 1-2 mm. dia- 
metro saepe nodis inferioribus radicantibus 
dense tomentellis (pilis brunneo-stramineis 
0.5-0.7 mm. longis) demum glabrescentibus basi 
petiolorum incrassatis; petiolis 1-2 mm. longis 
sub- vel semiteretibus circiter 1 mm. diametro 
primo ut ramulis pilosis; laminis coriaceis 
anguste oblongis, 15-32 mm. longis, 4-8 mm. 
latis, basi rotundatis vel obtusis, apice acutis et 
saepe calloso-mucronulatis, glabris vel basi et 
margine basim versus pilosis, costa supra plana 
vel leviter impressa subtus prominula, nervis 
secundariis numerosis e basi adscendentibus 
venulis inconspicuis conjunctis interdum sub- 
tus prominulis; rhachi subtereti glabra 3-4 mm. 
longa circiter 0.7 mm. diametro bracteas 7-10 
gerente; bracteis papyraceis in sicco stramineis 
oblongis vel ovatis, apice acutis vel subacutis, 
margine pilis crispatis 0.15—0.3 mm. longis dense 
ciliato excepto glabris, bracteis inferioribus 
minimis, superioribus ad 6.5 mm. longis et 3 
mm. latis basim calycis circumdantibus; pedi- 
cello circiter 0.15 mm. longo inconspicuo; 
ealyce 7.5-8.5 mm. longo, tubo 2-2.5 mm. longo 
et circiter 1.5 mm. diametro pilos paucos min- 
utos brunneo-glandulosos gerente, limbo lobis 
inclusis 6-6.5 mm. longo, lobis oblongis basim 
versus 1.3-2 mm. latis superne gradatim angus- 
tatis, apice subacutis vel obtusis et inconspicue 
callosis, ut bracteis ciliato-marginatis, glabris 
vel interdum extus obscure brunneo-glandulo- 
sis; corolla glabra tenuiter carnosa circiter 10 
mm. longa et 2 mm. diametro ante anthesin api- 
cem versus grt latim angustata, lobis 5-7 mm. 
longis et basim versus circiter 1.5 mm. latis, ad 
apicem subacutum angustatis, margine leviter 
inflexo tenuioribus et obscure undulatis; fila- 
mentis ligulati, tenuiter carnosis 3-3.5 mm. 
longis circiter 0.3 mm. latis margine parce pilo- 
sis, antheris 7.5-9 mm. longis, thecis 2.5-3 mm. 
longis, appendice basali conspicua 0.2-0.5 mm. 
longa saepe subspathulata, tubulis 5-6 mm. 
longis; disco glabro circiter 0.5 mm. alto et basi 
1 mm. diametro. 
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Type in the U. 8. National Herbarium, no. 
1771962, collected in dense forest of the 
Corcovado region, upper Rio San Juan, ridge 
along Yeraciif Valley, Intendencia, El Chocé, 
Colombia, altitude 200-275 meters, April 24 
or 25, 1939, by E. P. Killip (no. 35222). 

Although the curious plant here described is 
obviously a member of the Vacciniaceae, I am 
unable to refer it to any described genus. At 
first appearance it does not suggest the known 
members of the family, its stiff leaf-blades, stri- 
ate with copious ascending veins, and its 1- 
flowered profusely bracteate inflorescences giv- 
ing it a very distinctive aspect. The superficial 
resemblance of Killipiella to the family Epa- 
cridaceae is striking; its foliage is remarkably 
similar to that of Styphelia spp., while its in- 
florescences are precisely matched, in general 
aspect, by those of certain species of Epacris 
and Styphelia. Examination of the flower, with 
its inferior ovary and typical vacciniaceous 
stamens, indicates the true place of the Colom- 
bian plant. The deeply lobed calyx-limb, which 
is similar to the bracts in texture, the corolla 
with elongate reflexed lobes, the slender stiff 
anthers with appendaged bases and tuberculate 
tubules, the conspicuous pulvinate disk, and 
the few and reticulate ovules are all highly 
noteworthy features. 

In the most recent general revision of the 
Vacciniaceae, Sleumer (Bot. Jahrb. 71: 375- 
510. 1941) does not emphasize the traditional 
distinction of two tribes, the Vaccinieae and 
the Thibaudieae, although he does base the 
major divisions of his key upon this cleavage. 
In 1932 (Contr. U. 8S. Nat. Herb. 28: 320), I 
briefly discussed the intangible nature of the 
two tribes, and since then I have been forced 
to the conclusion that such tribes are entirely 
artificial. Such a genus as Killipiella, for in- 
stance, demonstrates relationships with mem- 
bers of both tribes, although it has no close 
relatives in either. An ultimate revision of gen- 
eric lines in the Vacciniaceae will probably be 
based primarily upon staminal characters 
rather than upon such indefinite features as 
size and texture of corolla. 

Killipiella appears to be a very isolated 
genus. Possibly Disterigma (K1.) Niedenzu is 
its closest relative, but in that genus the pedicel 
is obvious and bears two large clasping bracte- 
oles at its summit. The inflorescence bracts of 
Killipiella are somewhat suggestive of these, 
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but they apparently arise from the rachis, the 
actual pedicel being reduced to an inconspicu- 
ous length. I have interpreted the inflorescence 
of Killipiella as consisting of a short rachis, 
bearing several imbricate bracts and a terminal 
subsessile flower. If this interpretation is cor- 
rect, such an inflorescence is probably a reduc- 
tion from the racemose several-fiowered type 
which is common in the family. The deeply cleft 
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calyx-limb and corolla of the new genus are un- 
like these organs in Disterigma, while the pro- 
portionately short filaments, the basal anther- 
appendages, and the conspicuous disk further 
differentiate it. The copiously tuberculate 
anther-tubules of Killipiella are not matched in 
any other vacciniaceous genus known to me, 
the tubules elsewhere being smooth, or in some 
cases obscurely tuberculate at the very base. 





Fig. 1.—Killipiella styphelioides: a, Portion of branchlet, with four inflorescences, the lowermost with 
corolla in position, X1; 6, an inflorescence, with projecting corolla-bud, 2; c, calyx, with one lobe re- 
moved, showing disk and mie <3; d, ovule, X12; e, corolla and stamens, X3; f, stamen, introrse 


view, X4; g, detail of base o 


BOTAN Y.—Stem and foliage scab of sweet potato (Ipomoea batatas).! 


stamen, X6; h, detail of apex of tubule, X50. 


ANNA E. 


JENKINS, Bureau of Plant Industry, Soils, and Agricultural Engineering, and 
Aumés P. Vréaas, Instituto Agrondmico do Estado de Sao Paulo, Brazil. 


New findings in widely separated parts of 
the world of a previously little known but 
destructive disease of sweet potato (Ipo- 
moea batatas Poir.), including the discovery 
of a hitherto unknown stage in the life his- 
tory of the pathogen Sphaceloma batatas 
Saw., are here reported. It seems desirable 
also to review the two sole accounts’ of 
this disease, since these earlier records, in 
Japanese, are not readily available to ccci- 
dental readers. 


HISTORICAL 


In 1931, Sawada (6) reported the occur- 
rence in Formosa of what he termed the 
1 Received March 30, 1943. 


? For a translation of these two articles the 
writers are indebted to K. Katsura. 


“bud stunting disease” of sweet potato. 
This had been present in Formosa since as 
early as 1910, as shown by the 19 specimens 
cited in connection with the description of 
the pathogen. The first of these, as well as 
five others, were gathered by R. Suzuki. It 
has been learned, however, from cor- 
respondence with Sawada (1938) that Su- 
zuki did not realize at the time that a new 
disease was concerned. ‘‘When the disease is 
severe,” Sawada states (6), ‘‘it is impossible 
to correct it.’’ He continues: 

“The disease is severe in localities where 
rain, dew, or mist is abundant. In high 
mountainous regions sweet potatoes grown 
at high elevations are easily attacked, be- 
cause of abundant mist; also those grown in 
shaded places because of dews. Among 
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sweet potato varieties ‘Red Skin’ is the 
most susceptible.” 

In 1937, K. Goto* reported (2) severely 
diseased sweet-potato vines from Kago- 
shima-Ken, Amami Islands, as affected by 
Sawada’s bud stunting disease. He noted: 
“The writer received a specimen of diseased 
potato stems and leaves from Mr. Taro 
Hoko of Kagoshima-Ken, on September 23 
of this year (1937), with a note by him stat- 
ing that there is an outbreak of the disease 
every year in the Amami Islands, and ask- 
ing the author’s opinion regarding the dis- 
ease. He was of the opinion that the disease 
is caused by a fungus belonging to Sphace- 
loma, since it resembles anthracnose of 
grapes.” (Fig. 1, C.) 

Goto referred to the vine disease of sweet 
potatoes as “shoot scab.” It is here called 
“stem and foliage scab.” 


. GEOGRAPHIC RANGE 

In September, 1937, R. G. Oakley, of the 
United States Bureau of Entomology and 
Plant Quarantine, found this same disease 
on the island of Guam; he sent specimens to 
his Bureau, whence they were referred to 
the senior writer, who made the diagnosis. 
The symptoms represented (Fig. 1, B) were 
entirely in agreement with the description. 
A specimen from Guam was then sent to 
Sawada, who was of the same opinion and 
who contributed part of the type specimen 
of Sphaceloma batatas (Fig. 1, A). 

In 1938 and 1939 Oakley again sent speci- 
mens of the disease from Guam. In trans- 
mitting the specimen of 1938 (Guam 726) 
he wrote* that “the appearance of sweet 
potatoes affected by the disorder is very un- 
usual as they, in some cases, grow straight 
upwards a foot higher than vines growing 
normally.” He has furnished a summary of 
the prevalence of the disease in Guam dur- 
ing 1937-1939 as follows: 

“The disease was plentiful in 1937 when 
patches of infected vines could be discerned 
at a distance of 25 yards by the straight 


* Laboratory of Black-rot Control, 
tural Experiment Station, Tiba, Japan. 

* Letter dated June 5, 1938, iddetaned to E. R. 
Sasscer, Division of Foreign Plant Quarantine. 
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and high growing shoots,” these extending 
“above the normal growth. Field infections 
in 1938 were less plentiful, and in 1939 dis- 
eased vines could rarely be found and then 
only after extended search.” 

In Guam, where sweet potatoes have 
long been cultivated, only two previous 
references to diseases of the crop have been 
found. During Weston’s (7) plant-disease 
survey of the island in 1918, he reported 
white rust (Albugo sp.). Several years ear- 
lier, when David T. Fullaway, entomologist 
of the Hawaii Agricultural Experiment 
Station, made an entomological survey of 
Guam (1), he found “sweet potatoes badly 
blighted by a fungus disease.” In 1938, 
replying to an inquiry, accompanied by a 
photograph of a specimen from Guam (Fig. 
1, B), he wrote that he believed this disease 
was the same as that discovered by Oakley 
in 1937, although it was difficult to remem- 
ber over so long a period. About this time 
replies to similar inquiries were received 
as follows: O. H. Swezy, of Hawaii, who 
made an insect pest survey in Guam in 
1936, wrote: “My recollection is that the 
leaves [of sweet potatoes] were always in 
good condition, except for a small amount 
of caterpillar work, which was distinctly 
different from the condition shown in your 
photos.” G. O. Ocfemia stated that so far 
as he knew, stem and foliage scab had not 
been found in the Philippines. G. K. Parris, 
who catalogued the plant diseases of Hawaii 
(4), wrote that the disease had not been 
recorded in that Territory. 

In Brazil stem and foliage scab of sweet 
potatoes was discovered on plants growing 
on the experiment farm of the Instituto 
Agronémico at Campinas, first in January, 
1939, by A. S. Costa, and again in February, 
1940, by O. Boock. Diseased specimens 
gathered at Campinas are similar to those 
from Pacific regions. A specimen of diseased 
sweet-potato leaves from Alagoinhas, Bafa, 
Brazil, collected in March, 1937, by H. S. 
Fawcett and A. A. Bitancourt resembles 
closely the specimen from Campinas and 
evidently represents the same disease. It 
was collected as a possible Sphaceloma dis- 
ease, but upon microscopic examination in 
Sao Paulo no organism was distinguished, 
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nor was any isolated.’ Such a situation is 
not unusual in the case of infection by 
species of Sphaceloma. S. batatas was scant 
on the material from Guam examined 
microscopically ; the specimens sent in 1938 
were picked fresh and forwarded by clipper 
mail but cultures from them yielded nega- 
tive results as did those made from speci- 
mens sent by Sawada in August, 1938. 
Goto, however, succeeded in isolating the 
organism. 


SYMPTOMS 


Symptoms of the disease on leaves as de- 
scribed by Sawada are as follows: 

“On leaves, veins are mostly attacked; 
spots small, round or oblong, slightly con- 
cave, cinnamon or vinaceous tawny, 1-2.5 
mm in diam., mostly in groups, which later 
coalesce; outer surface of more or less corky 
appearance, depending on the degree of the 
attack ; leaves become curled or their growth 
checked, petioles curled, veins shrunken.” 

Sawada did not describe stem cankers, 
although these are present on specimens 
that he sent (Fig. 1, A). 

Goto states that the disease appears to 
attack young organs, and that the growth 
of leaves and stems becomes irregular and 
produces many abnormal shapes, as well as 
stunting of petioles and blades. The follow- 
ing description of stem cankers is from 
Goto’s account: 

On the extreme tip of the shoot and some- 
what below, spots appear as flat or some- 
what raised purple brown dots, depressed 
at the center, with a gray or light brown 
border. The marginal region appears water- 
soaked when the weather is damp. Farther 
downward the diseased spot becomes 
gradually larger, 0.5-3 mm, and is circular, 
oblong, or spindle-shaped, or intermediate 
between these shapes, somewhat depressed, 
gray or brown, and somewhat roughened or 
scablike. Where the stem is green, the spot 
is surrounded by a narrow purple margin, 
which is sometimes depressed. Dark brown 
spots also appear on the attacked area. 
Where cankers are numerous they coalesce, 


* Data furnished by A. A. Bitancourt, Instituto 
Biologico, Sao Paulo, Brazil, who contributed the 
specimen from Alagoinhas. 
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forming a large scab. Spots on petioles are 
of similar appearance to those on stems; 
however, they seem a little larger, over 5 
mm in length. All the spots become whitish 
with age. 

The stem cankers on the specimens from 
Brazil agree with those described by Goto. 
On the leaves, however, interveinal spots 
are fully as numerous as those on veins. 


THE PATHOGEN 


Sawada’s illustration of Sphaceloma ba- 
tatas is reproduced in Fig. 2, D, and his 
description of the fungus is given below: 


Sphaceloma batatas Saw. 


Mycelium scanty, penetrating the cell walls 
of the diseased tissue, colorless, septate, 2—2.5yu 
in diameter, acervuli colorless, forming under 
the epidermis and later become exposed by 
rupturing the epidermis, 12—25yu in diameter, 
with 1 or 2 layers of stroma, cells polyangular,* 
about 4u in size, upon which many conidio- 
phores are produced. Conidiophores short, 
single celled, 6-8u in length, conidia oblong, 
colorless, single celled, smooth, 6-7.5u by 2.5- 
3.5p. 


On the material that Goto studied he 
found the acervuli to arise subcuticularly. 
He gave the following measurements: acer- 
vuli, 14-61, in diameter, with some of those 
that have united once reaching over 109,; 
conidiophores, about 10 long and 3 wide; 
conidia 4.2-9.3 by 2.4-3.3u, or about the 
same as those of the Formosan type. 

Referring to the fact that Sphaceloma 
fungi are difficult to isolate because of their 
slow growth, Goto reported that he was able 
to isolate S. batatas by placing a piece of 
diseased stem upon onion agar after it had 
been dipped in mercuric chloride (1: 1000) 
for about one minute and washed. In the 
first set of cultures one out of eight tubes 
showed growth after seven days; in the 
second, two tubes out of eight. This growth 
was similar to cultures of S. rosarum from 
rose, S. tsugii from Paulownia, and E£. 
fawcettii from Citrus. The cultures grew 
slowly and gradually became reddish brown 
and raised in the form of a crust. 

Sphaceloma was not detected on speci- 
mens of stem and foliage scab from Campi- 
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nas, but on stem cankers an ascomycete of 
the genus Elsinoé (3) was present. Means 
are not available at this time to show 
whether the Elsinoé is the perfect stage of 
8. batatas. It is here suggested that it may 
well be; for in all species of Sphaceloma 


B 


Fig. 1.—Stem and foliage scab of sweet potato caused by Sph 
- Sawada, part of the type specimen, 
1; B, from Radio Hill, Guam, September, 1937, R. G. Oakley, X1; 
September, 1937, T. Tamotu, received from Goto, 


Formosa, June 25, 1925, 
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where the life history is known, Elsinoé has 
proved to be the ascogenous stage. It thus 
seems feasible to treat S. batatas as the 
conidial stage of the Elsinoé discovered on 
sweet potato stems in Brazil. This is de- 
scribed as follows: 


eo a 


aceloma batatas Saw.: A, From Taihoku, 
received from Sawada in August, 1938, 
C, from Amami Islands, Japan, 


September, 1939, x1. 
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Elsinoé batatas Viégas and Jenkins, sp. nov. 
Fig. 2, A-C 

Maculae in foliis plerumque circulares, par- 
vae, cinnamomeo- brunneae; cancri in caulibus 
circulares, elliptici vel elongati, purpureo- 
brunnei interdum centro pallidiores; hyphae 
intraepidermicales vel subepidermicales de- 
mum fere superficiales, atro-cinereae, stromata 
20-60 X 16-20y formantes; asci in stratum sin- 
gulum dispositi, globosi, 4—(6 ?) sporici, 15-16u 
longi, 10-12 lati; ascosporae hyalinae, 7-Sy 
longae, 3—4y latae, septatae, curvatae. 
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On leaves, spots on interveinal regions, veins, 
and petiole, generally circular, small, on the 
dry specimen “mikado brown’; on stems, 
circular, elliptical or elongate, ““Hays brown,” 
often with “‘wood brown’’ center; mycelium at 
first intraepidermal, later passing to the sub- 
epidermal tissue, i.e., to the cortical paren- 
chyma, which becomes hypertrophied, the cells 
dividing actively in different planes, lower 
cells of this tissue divide longitudinally, collen- 


* The color readings given in quotations are 
based on Ridgway’s color standards (5). 


,? 
'‘D 


Fig. 2.—Elsinoé batatas on stem cankers of sweet potato from Campinas, Sao Paulo, Brazil: A and B, 
Sections showing fruiting layer of the Elsinoé, with asci (A, b and B, a) in a single series, X500; A, c 
and B, b, hypertrophied parenchyma in longitudinal sections; C, ascus from B, X 1,800; D, acervulus of 


Sphaceloma batatas, after Sawada. 
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chyma also hypertrophied, and soon the entire 
mass of tissue collapses, and the walls of the 
necrosed tissue darken; during this alteration 
of the tissue, hyphae of the fungus develop 
stromatically, at maturity they are external 
or practically so, dark gray, 20-60 by 16-20u 
with a single row of asci; asci globose, with 
4-(6 ?) spores, 15-16 by 10-12; ascospores 
hyaline 7-8 by 3-4, septate, curved. Conidial 
stage, Sphaceloma batatas Saw. 

On leaves and stems of Ipomoea batatas 
Poir., Alagoinhas, State of Bafa, and Campinas, 
State of Sao Paulo, Brazil. 

Type specimen: Campinas, Sao Paulo, 
Brazil, January 14, 1939, A. S. Costa (Herb. 
Inst. Agron. de Sao Paulo 2726 and Myc. 
Coll. Bureau of Plant Industry 74289). 

While it is likely that Elsinoé batatas might 
be introduced into new regions on slips of sweet 
potatoes, there is no indication as to whether it 
might be carried also on dormant tubers, 
which seems less plausible. 


SUMMARY 


Stem and folliage scab of sweet-potato 
vines was first reported from Formosa in 
1931 by Sawada, for the period 1910—1928. 
In 1937 Goto identified the disease from 
the Amami Islands. Their accounts of the 
disease are the only ones previously pub- 
lished. 

Specimens collected in Guam in 1937 by 
Oakley are diagnosed as affected by stem 
and foliage scab. In the field the disease 
could be recognized by the upright growth 
of the vines, as compared with their normal 
growth. Sweet potatoes in Guam “badly 
blighted by a fungus disease’”’ in 1911 may 
have been affected by this malady. 


FRIEDMANN: A NEW HONEY-GUIDE FROM CAMEROON 


249 


Stem and foliage scab was discovered in 
Campinas, Sio Paulo, Brazil, by Costa 
in 1939, and by Boock in 1940, and also in 
Alagoinhas, Baia, Brazil in 1937, by Faw- 
cett and Bitancourt. 

Symptoms of the disease as described on 
leaves by Sawada and on stems by Goto are 
given, as well as Sawada’s description of 
the pathogen which he named Sphaceloma 
batatas. 

An ascomycete of the genus Elsinoé, dis- 
covered on cankers of stem and foliage scab 
from Campinas, is regarded as the perfect 
stage of S. batatas and is described as E. 
batatas. 
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ORNITHOLOGY.—A new honey-quide from Cameroon.'. HERBERT FRIEDMANN, 
U. 8. National Museum. 


W. E. C. Todd, of the Carnegie Museum, 
Pittsburgh, has recently forwarded to me 
for study and identification three little 
honey-guides from Cameroon. Two of these 
are Indicator exilis exilis, but the third one 


' Published by permission of the Secretary of 
the Smithsonian nstitution. Received May 6, 


does not fit any known species. It is appar- 
ently an adult bird and seems sufficiently 
different from the first two to warrant nam- 
ing. Because it occurs in the same general 
area as I. e. exilis, it can not be described as 
a race of that species and must therefore be 
treated as a distinct species. It is proposed 
to call it— 
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Indicator propinquus, n. sp. 


Type.—Carnegie Mus. no. 118425, ¢@, col- 
lected at Donenkeng, Bafia, Cameroon, April 
25, 1934, by Jacob A. Reis, Jr. 

Description.—Similar to Indicator exilis exilis 
but with the forehead, crown, occiput, nape, 
and interscapulars more greenish and definitely 
streaked with dusky; the lores, cheeks, auricu- 
lars, and entire underparts paler and more 
greenish, less olive-gray, and the bill slightly 
more swollen. Forehead, crown, and occiput 
olive lake, the crown and occiput streaked with 
dusky olive (the streaks formed by dark shaft 
stripes); ‘‘mantle,’’ i.e., interscapulars, similar 
but with the dusky streaks wider; back, lower 
back, rump, and upper tail coverts very dark 
olive-brown, the feathers conspicuously edged 
with olive lake tinged with olive-ocher (as in 
exilis); upper wing coverts and remiges dark 
olive-brown, the coverts completely edged with 
olive-ocher, the remiges externally so (as in 
exilis); tail as in exilis—the median rectrices 
very dark olive-brown to clove brown, the 
others whitish merely externally edged and 
terminally broadly tipped with dark olive- 
brown to clove brown; lores, cheeks, auriculars, 
and sides of neck pale citrine-drab; chin and 
upper throat whitish streaked with pale citrine- 
drab; lower throat, breast, and sides deep 
olive-buff streaked with citrine-drab (shaft 
streaks) ; upper abdomen slightly paler and buf- 
fier and with the streaks ashier; lower abdomen, 
thighs, and under tail coverts pale creamy car- 
tridge buff; bill chaetura black (when fresh); 
feet water green (when fresh). 

Measurements of type —Wing 72, tail 42.5; 
culmen from the base 8; height of bill at angle 
of gape 4.8, tarsus 14; middle toe without claw 
11 mm. 

Remarks.—It may seem hazardous to de- 
scribe a new honey-guide from a single speci- 
men when the differences between it and the 
fairly similar Indicator exilis exilis are rather 
slight, but we may recall that a parallel situa- 
tion is to be found in the larger species J. macu- 
latus and I. feae. Thus, in speaking of the for- 
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mer species, Bannerman (The Birds of Tropical 
West Africa 3: 408. 1933) writes that ‘unless 
handled, this honey-guide is impossible to dis- 
tinguish from Indicator feae, and even then the 
greatest care must be exercised.”’ The two spe- 
cies apparently occur together, as do also the 
two small forms J. exilis and I. propinquus. 

The possibility of the type of J. propinquus 
being a seasonal variant of ezilis is ruled out by 
the fact that I have compared it with specimens 
of the latter species taken in January, March, 
April, July, August, October, and December. 
There is no seasonal plumage variation in 
exilis. 

Unfortunately I have had no opportunity to 
examine material of the recently described Jn- 
dicator appelator Vincent (Bull. Brit. Orn. Club 
53: 130. 1933), known so far only from the 
Mozambique-Nyasaland border, a couple of 
thousand miles to the southeast of Cameroon. 
However, in the description of appelator it is 
stated that it has the “upper parts uniform and 
not heavily striated ... ,’’ although ‘‘the dark 
centres to the feathers are evident in striations 
on the forehead and crown, but do not extend 
on to the nape... .” The bill appears to be 
very similar to that of propinquus, ‘‘shorter and 
narrower than any minor—in fact, of similar 
length to ezilis, but more swollen.” Additional 
information and material may some day 
demonstrate the conspecificity of appelator and 
propinquus, but :t would be mere guess work 
to claim any such degree of relationship now. 
Chapin (Bull. Amer. Mus. Nat: Hist. 75: 540. 
1939) writes that ‘‘appelator ... must be a 
very close ally” of exilis. 

I am indebted to Mr. Todd for permission 
to study his material and to describe the new 
form included; to J. T. Zimmer, of the Ameri- 
can Museum of Natural History, and to Dr. 
H. C. Oberholser, of the Cleveland Museum of 
Natural History, for generous loans of perti- 
nent material. Through the cooperation of 
these institutions I have been able to study a 
series of 10 specimens of Indicator exilis exilis 
as well as a good series of the larger but less 
pertinent Indicaton conirostris. 
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ICHTH YOLOGY.—Descriptions of a new genus and a new species of Parodontinae, 


characinid fishes from South America.' 


LEoNARD P. Scuuttz, U. 8. National 


Museum, and Crecru Mixes, Escuela Superior de Agricultura Tropical, Cali, 


Colombia. 


During the latter part of 1942 we were 
comparing a specimen of a characinid fish 
from Colombia with Apareiodon dariensis 
Meek and Hildebrand. The Colombian fish 
had a color pattern almost exactly like the 
Panamanian species, but upon making fur- 
ther studies we found it differed in several 
respects and decided to describe it as new. 

When Dr. Carl H. Eigenmann described 
the genus Apareiodon (Ann. Carnegie Mus. 
10: 71. 1916; genotype: Parodon piracicabae 
Eigenmann), he referred Apareiodon dari- 
ensis Meek and Hildebrand to it. This latter 
species, from the Rio Cupe at Cituro, 
Darién, Panamd, was based on three speci- 
mens, 105, 120, and 135 mm in length. The 
second specimen, U.S.N.M. 78379, has been 
carefully studied by us, and we must con- 
clude that it belongs to the genus Saccodon 
Kner and Steindachner. 

Since we desired to understand more 
thoroughly why Eigenmann would refer A. 
dariensis to the genus A pareiodon, we stud- 
ied all the fishes of this subfamily available 
in the United States National Museum, 
and, in addition, Dr. W. M. Chapman, 
curator of fishes, California Academy of 
Sciences, kindly lent most of their speci- 
mens of this group for study by the senior 
author, who appreciates this courtesy ex- 
ceedingly. While working with the material, 
it soon became obvious that a new genus 
should be recognized and that the generic 
relationships needed further examination. 
This new genus is described below. 


Subfamily PARODONTINAE 
Parodontops, n. gen. 


Genotype-—Parodon ecuadoriensis Eigen- 
mann and Henn, in Eigenmann, Henn, and 
Wilson, Indiana Univ. Stud., no. 19: 12. 1914 
(Vinces, Ecuador; Colimes, Rio Daule, Ecua- 
dor). 

This new genus is based on paratypes of 


' Published by 


rmission of the Secretary of 
ro _fametnaoninn 


nstitution. Received April 9, 


Parodon ecuadoriensis Eigenmann and Henn 
from Vinces, Ecuador, U.S.N.M. 76974, and on 
another specimen of the same species, U.S.N.M 
83535, from Ecuador, measuring 117 mm in 
standard length. 

After careful study of the 67-mm type (In- 
diana Univ. Mus. 13104) of Parodon terminalis 
Eigenmann and Henn (in Eigenmann, Henn, 
and Wilson, Indiana Univ. Stud., no. 19: 12. 
1914) from Vinces, Ecuador, we conclude that 
it represents the young of P. ecuadoriensis. 

Parodontops ‘may be recognized from the 
other genera in the subfamily Parodontinae by 
its teeth, the two simple pectoral rays, i, 8 
pelvics, along with the wide inner second sub- 
orbital and nsrrow interopercle. 

The following key will aid in separating the 
various genera related to Parodontops, as well 
as indicate some of the generic differences that 
we have observed in this study. 


KEY TO THE GENERA OF PARODONTINAE 


la. Teeth in upper jaw 0+6+0 and not in a 
straight line; edge of thin upper lip free and 
crossing middle of teeth on premaxillaries; 
no teeth in lower jaw, the edge of which is 

5-lobed; pectoral _— ii, 12 to 16; pelvics 
usually i, 8 (Fig. 1 
Saccodon Kner and Steindachner 
1b. Teeth in upper jaw normally 2+8-+2 (2 teeth 
on each maxillary); upper lip not free but 
forming part of flesh between bases of 
teeth on premaxillaries. 
2a. Pectoral rays ii, 14 to 17; pelvics i, 8; no 
teethonlowerjaw....Parodontops, n. gen. 
2b. Pectoral fin rays i, 11 to i, 16; pelvies i, 7, 
rarely i, 8. 
3a. No teeth on lower jaw 
Apareiodon Eigenmann? 
3b. Teeth at sides of lower jaw normally 
3+3, but one or more may be lacking 
in young 
...-Parodon Cuvier and Valenciennes® 


2 As near as can be determined from the de- 
om tions, su + roars by specimens in the 
Nation useum and from the California 
idamany of Sciences, we think the following 
species should be referred to this genus: Parodon 
piracicabae Eigenmann, 1907 (genotype); Paro- 
don affinis Steindachner, 1879 eo Parodon ve 
quay yensis ay pene 1907); Aparetodon 
wler, 1941; Apareiodon hasemani Eigenmann, 
1916; and Apareiodon ttapicuruensis Eigenmann 
and Henn. 
3 As near as can be determined from the de- 
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Saccodon caucae, n. sp. Figs. 1, 2. 
Rayapo; Mazorcot 


Holotype-—U.S.N.M. 121285, a specimen, 
109 mm in standard length, collected in the 
upper Rfo Cauca north of Cali, Colombia, by 
Cecil Miles during October, 1942. 

Paratypes.—All the paratypes bear the same 
data as the holotype and are deposited in the 
following institutions: United States National 
Museum, No. 120166, 130 mm in standard 
length; Escuela Superior de Agricultura Tropi- 
cal (E.S8.A.T.), Cali, Colombia, a specimen 145 
mm in standard length, numbered 17 in their 
collection, Instituto de Ciencias Naturales, 
Bogoté (I.C.N.B.), a specimen 115 mm; Mu- 
seum of Comparative Zoology (M.C.Z.), a 
specimen 135 mm. 

These specimens usually occur in slowly 
flowing streams, lazily at rest on the bottom, 
frequently lying in groups of three or four and 
perfectly visible. When disturbed, they dart 
away extremely fast, often hiding among rocks 
or seeking protection by brush along the banks. 
They are difficult to catch. 

Description—The description is based on 
the holotype and paratypes listed above. Cer- 
tain detailed measurements and counts were 
made, and these data are recorded in tables 
1 and 2 along with similar data on the paratype 
of S. dariensis (Meek and Hildebrand) and for 
other species. 

The head is a little depressed, the snout 





scriptions, supplemented by numerous speci- 


mens in the U. 8. National Museum and from 
the California Academy of Sciences, we think 
the following species should be referred to this 
genus: Parodon suborbitalis Cuvier and Valen- 
ciennes (genotype); Parodon apolinari Myers, 
1930; Parodon bifasciatus Eigenmann, 1912; 
Parodon buckleyi Boulenger, 1887; Parodon 
caliensis Boulenger, 1895; Parodon carrikeri 
Fowler, 1940; Parodon caudalis Fowler, 1940; 
Parodon gestrt Boulenger, 1902; Parodon hilariz 
Reinhardt, 1866; Parodon nasus Kner, 1859; 
Apareiodon pongoense Allen, 1942, which has two 
small teeth on each dentary of the type, as found 
when examined by the senior author; and Paro- 
don tortuosus Eigenmann and Norris, 1900. 

The holotype of several species listed here 
should be examined to determine with greater 
certainty whether each of these species really 
belongs in the genus Parodon, except the geno- 
type, P. suborintalis. In the young of Parodon 
the teeth on the lower jaw are often undeveloped, 
and probably Apareiodon and Parodon should 
not be separated generically. 

‘ Corunta and Tusa are the common names of 
Parodon suborbitalis in the Magdalena Basin of 
Colombia. 
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rounded, caudal region a little compressed; 
nasal openings separated by a valvular flap and 
located just in front of the eye; gill membranes 
joined with a wide free fold across isthmus; no 
teeth on lower jaw, the lower lip 5-lobed; pre- 
maxillaries with six teeth, arranged in a broad 
V-shape, the two inner ones located farthest 
forward, no teeth on maxillaries; a fold of the 
upper lip covers pediculate bases of teeth; 


Fig. 1.—Underside of head, with enlarge- 
ment of teeth and lips. 


groove at sides of snout ending opposite pos- 
terior ends of dentary bones and not continuing 
opposite outer ring of suborbital bones; pos- 
terior margin of pupil in center of head; anus 
equal distance from rear base of pelvics and 
anal origin; insertion of pelvics equal distance 
from front of eye and midcaudal fin base; dis- 
tance from pelvic insertion to anal origin 3.6 
and snout to dorsal 2}, depth 4.3, head 4.2, all 
in standard length; least depth of caudal 
peduncle 1.9 in head; second simply ray of 
dorsal not quite so long as first branched ray, 
posterior margin of this fin a little concave; 
first and second branched anal rays longest, 
rear margin of anal fin truncate; margin of pec- 
toral fin e little rounded, that of pelvics trun- 
cate; caudal fin deeply forked, lobes pointed; 
adipose fin small, inserted over middle of base 
of anal fin; pelvics inserted under rear edge of 
dorsa! fin base; five or six scales between anus 
and anal origin; the anterior rays of dorsal, 
anal, and paired fins have free membranes de- 
veloped along the posterior edge of the rays 
that extend backward and partially cover the 
next ray, thus further increasing the stream- 
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line nature of this species and lessening re- 
sistance in rapidly flowing mountain streams; 
accessory pelvic scale present; the postclei- 
thral process is broad and curves behind base 
of pectoral fin, more or less enclosing it dorsally 
and posteriorly; breast, belly, and all of body 
except head fully scaled. 

Color: The general color is darker above, 
paler below, with three distinct rows of elon- 
gate black blotches on sides, the lower one be- 
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ginning behind head below lateral line consist- 
ing of five elongate black blotches; along 
lateral line are six black blotches; above the 
lateral line is a row of six or seven blackish 
blotches that are connected across the back by 
the same number of dark saddles, these more 
or less obscure anteriorly; lower surfaces of 
pectoral fins white, but upper surfaces with 
a wide darkish band distally and similar colora- 
tion on pelvics but less distinct; anal with a 


TaBLe 1.—Counts Mang on Various Specizes oF PARODONTINAE 
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Fig. 2.—Saccodon caucae, n. sp.: aay (U.8.N.M. 121285), 
ts) 


109 mm in standard length. 


tograph. 
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TaBLE 2.—CounTs AND MEASUREMENTS (IN HUNDREDTHS OF THE STANDARD LENGTH) 
Maps on Specimens or Saccopon 











Characters 
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Standard length in millimeters 
Length of head 

Greatest depth of body 
Diameter of eye 

Length of snout 

Width of interorbital space 
Postorbital length of head 
Least depth of caudal peduncle 
Length of caudal peduncle 
Snout to dorsal origin 

Snout to adipose origin 

Snout to anal origin 

Snout to pectoral insertion 
Snout to pelvic insertion 
Length of longest dorsal ray 
Length of longest anal ray 
Length of longest pectoral ray 
Length of longest pelvic ray 
Length of longest upper caudal ray 
Length of longest lower caudal ray 
Snout to anus 
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Anal fin rays 
Pectoral fin rays ii, 12-ii, 12 
Pelvic fin rays i, 8-i, 8 
Branched caudal rays 17 
Scales in lateral line 36 
Spales above lateral line 43 
Scales below lateral line 3 
Scales around caudal peduncle 13 
Scales in front of dorsal fin ll 
Scales between dorsal and adipose fins 123 
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blackish blotch; dorsal with blackish pigment 
basally and a blotch distally on anterior rays; 
caudal fin irregularly barred with black 
blotches and two black spots basally; peri- 
toneum dusky; a black spot in axis of pelvics. 

Named caucae in reference to the Rio Cauca 
of Colombia, where it was collected. 

Remarks—This new species differs from 
other members of the genus Saccodon as in- 
dicated in the key below. 


KEY TO THE SPECIES OF SACCODON 


la. Pectoral fin rays ii; 15 to ii, 16; scales in 
lateral line 4 or 44 +39 to 41+3 or 3}. 

2a. Dorsal rays ii, 10; anal ii, 7; pelvics i, 8; 
color pattern of elongate dark blotches 
arranged in three streaks along sides, 

each row consisting of 5 to 7 elongate 
blackish blotches; caudal fin with elon- 

gate black blotches, and a pair of large 

spots basally on caudal fin; anal with a 


blackish spot Saccodon caucae, n. sp. 
2b. Dorsal rays ii, 9; anal ii, 8; pelvics ? ii, 8; 
color plain, no spots or blotches on sides 


Saccodon wagneri Kner and Steindachner® 

1b. Pectoral fin rays ii, 12; scales in lateral line 
4 or 44+35 to 37+3; dorsal rays ii, 10; 

anal ii, 7; pelvics i, 8; branched caudal fin 

rays 17; 11 scales before dorsal fin; 12} 
between bases of dorsal and adipose fins; 

color of 3 rows of oblong dark blotches 
along sides; black blotches in caudal fin, 

and a blackish blotch on dorsal and anal 


5 Saccodon wagnert Kner and Steindachner, 
Abh. Bay. Akad. Wiss. 10: 31, pl. 4, figs. 2, 2a, 
1864 (Ecuador).—Ginther, Cat. Fishes Brit. 
Mus. 5: 301. 1864 (Ecuador).—Eigenmann, 
Mem. Carnegie Mus. 9: 112, pl. 19, figs. 7, 7a. 
1922 (western slope of Ecuador). 

Saccodon crani halum Thominot, Bull. Soc. 
Philom. Paris 6: 248. 1882 (Rio Guayaquil). 
This species is referred to wagneri with some 
doubt as the description by Thominot is lacking 
in detail and appears somewhat contradictory. 
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Saccodon dariensis (Meek and 
Hildebrand)* 


6‘ Parodon darijensis Meek and Hildebrand, 
Field Mus. Nat. Hist. Publ. Zool. 10: 84. 1913 
(Rio Cupe, Cituro, Panamé [Tuyra Basin]). 

Aparetodon dariensis Meek and Hildebrand, 
Field Mus. Nat. Hist. Publ. Zool. 10: 271, pl. 17. 
1916.—Eigenmann, Ann. Carnegie Mus. 10: 76. 
1916 (western slopes of southern Panam4).— 
Eigenmann, Mem. Carnegie Mus. 9 (1): 111. 
1922 (Tuyra Basin). hg er, Bull. Amer. Mus. 
Nat. Hist. 57: 114, fig. 5a. 1927 (Rio Tuguesa, 
Panamd4) ot Fdebtantt Publ. Field Mus. Nat. 
Hist., zool. ser., 22 (4): 248. 1938 (Rfo Cupe; 
Rio Chucunnaque; Rio Chiati). 

Apareiodon compressus Breder, Amer. Mus. 
Nov., no. 180: 4, figs. 3, 4. 1925 (Rfo Tuquesa, 
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Darién, Panamé).—Breder, Bull. Amer. Mus. 
Nat, Hist. 57: 115, figs. 5b, 6. 1927 (Rfo Tu- 
uesa) _—Hildebrand, Publ. Field Mus. Nat. 
ist., zool. ser., 22 (4): oa 1938 (Chucunnaque 
Basin). 

The senior author has examined the type of 
A. compressus, A.M.N.H. 8408. The left pectoral 
fin has ii, 12 rays, the right one being broken off 
near its base; the dorsal is broken, but study 
shows ii, 10 rays; both pelvics are in good con- 
dition, with i, 8 rays each; anal ii, 7. The mouth 
also is injured. The free ee lip character is 
clear, but the positions of the teeth are not in a 
straight line as in Parodon. The lower lip is 
rounded, and the 5-lobed edge found in adults is 
not developed. I conclude that A. compressus is a 
a of Saccodon dariensis (Meek and Hilde- 

ran 


ZOOLOGY.—A new species of Cyclocoelum, a trematode from the catbird.' C. 
Courson ZE.iFr, Pennsylvania State College. (Communicated by A. Wret- 


MORE.) 


Four specimens of flukes belonging to the 
genus Cyclocoelum Brandes were collected 
from a dead catbird found in Adams Coun- 
ty, Pa., during 1939 by Assistant Professor 
Merrill Wood, an ornithologist of the Zool- 
ogy Department of Pennsylvania State 
College. They were presented to the author 
for identification and study. Three of them 
were in good condition and were stained 
with Delafield’s hemotoxylin, a slight pres- 
sure being applied to the specimens be- 
tween slides. No previous record has been 
found of a member of the genus Cyclocoelum 
in catbirds, and a study of the worms indi- 
cates sufficient anatomical differences to 
justify regarding them as representing a 
new species. 


Cyclocoelum dumetellae, n. sp. 


Specific diagnosis.—Body oblong, sides nearly 
parallel in middle, body slightly curved to 
right, narrowed slightly anteriorly and slightly 
rounded posteriorly, 8.5 mm long by 1.5 mm 
wide. Cuticle rough and scaly but not spiny. 
Oral sucker 0.27 mm in diameter, subterminal 
and rather faintly outlined. Acetabulum lack- 
ing. Pharynx 0.22 to 0.27 mm wide by 0.27 to 
0.30 mm long. Prepharynx present. Esophagus 
0.5 mm wide, short and somewhat sinuous. In- 
testinal caeca continuous in the posterior por- 
tion, typical for the genus. Excretory vesicle 
between the posterior arc and body wall, with 
lateral excretory canals. Testes nearly spheri- 


1 Received April 29, 1943. 


cal, 0.52 mm in diameter, the posterior one oc- 
casionally slightly flattened anteroposteriorly. 
Anterior portion of vas deferens observed; vasa 
efferentia not seen. Cirrus sac 0.07 mm wide by 
0.26 mm long, on right side reaching anterior 
intestinal arc but rarely farther posteriad. 
Genital pore at the level of posterior portion 
of the pharynx. Ovary 0.26 to 0.30 mm in 
diameter, between the testes, but to right of 
and out of line with them. Seminal receptacle 
unobserved. Mehlis’s gland oblong, approxi- 
mately the size of ovary. Vitellaria extending 
from slightly posterior of anterior intestinal arc 
or fork to the posterior border of the posterior 
intestinal arc, mostly between the caeca and 
the margins with slight overlapping of the 
former in some areas; dorsal to caeca. Trans- 
verse vitelline ducts between ovary and pos- 
terior testis. Ootype and oviduct not observed. 
Laurer’s canal apparently absent. Ova 60yu by 
120n. 

Host.—Dumetella carolinensis (Linnaeus). 

Location.— Air sac. 

Locality Adams County, Pa. 

Type specimen.—U.S.N.M. Helm. Coll. no. 
36837; paratype, no. 36838. 

Remarks.—Khan (1935) gives four groupings 
of species of the genus based on the relation of 
the ovary and testes and the intercaecal loca- 
tion of the uterus. One of the three specimens 
has the posterior testis somewhat oblong. Only 
one has slight overlapping of the caeca by the 
uterus. Other slight distortions or deviations 
might be mentioned that would exclude a speci- 
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men from a system such as that given by Khan. 
He lists 19 species, six being those described by 
himself, one of which, C. nebularium, has now 
been allocated to Hoematotrephus by Lal 
(1939). Bhalerao (1935) lists 11 species, one of 
which is new and seven of which are not listed 
by the former. Lal (1939) describes no new spe- 
cies, but he suggests that Receptacoelum be cre- 
ated for those species with a receptaculum 
seminis. He considers Prohyptiasmus Witen- 
berg to be a synonym of Cyclocoelum. Yamaguti 
(1939) described C. turusigi from Tringa ery- 
thropus, which makes at least six species in 
sandpipers. 


Fig. 1.—Cyclocoelum dumetellae, n. sp.: Ventral 
view. (CS, Cirrus sac; Ce, caecum; Es, on us; 
Eo, egg; EV, excretory vesicle; M, mouth; MG, 

ehlis’s gland; OS, oral sucker; Ov, ovary; Ph, 

TVD, transverse vitelline 
D, vas deferens; Vit, vitel- 


pharynx; Te, testis; 
duct; Ut, uterus; V 
laria.) 


Observation of the drawings of the species 
described by Khan (1935) indicates that the 
curved conditions of his specimens are char- 
acteristic of several species. This may be due to 
contact with the tissues of the host or to a typi- 
cal habit of muscular contraction. After com- 
paring the characteristics of the specimens with 
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those of about 30 other species, particular! 
North American species, considerable variation 
is noted. The closest similarity is with C. 
microcotyleum (Noble, 1933) and C. obscurum 
(Leidy, 1887). Harrah (1922) gives a more com- 
plete description of the latter. 

C. dumetellae differs from the latter species in 
a less forward extension of the vitellaria, sin 
ous esophagus of uniform size, equal testes, and 
(if constant) in having the anterior testis nes 
the left caecum; also from the former specie; 
by the uniform size, the lesser width, presence 
of an oral sucker, the diagonal relation of the 
testes, and the position of the ovary on the 
right side. The comparison with C. obscurum@ 
is therefore closer than with C. microcotyleum. ™ 
Harrah (1922) has shown that the position o} 
some organs in the body may be inverted in 
the same species. This condition or a misinter 
pretation of the surfaces may account for diffi- 
culties observed in drawings and descriptions. 
The species herein described differs from C. 
ovopunctatum Stossich, which is closely related 
to C. obscurum, by the difference in the testis 
ovary ratio. It is not clear to the author from 
the more complete description of Harrah (1922) 
whether C. obscurum (Leidy, 1887) actually oc- 
curs in the jewfish and also in birds since most 
species of the genus have birds as hosts. The 
former reports it from the western willet 
(Catoptrophorus semipalmata inornata, formerly 
Symphemia semipalmata inornata). It seems 
likely that some error in labeling may account 
for the record for the jewfish. An authority 
whom the author consulted agrees with this 
view. 
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